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Westinghouse 


Electric  Apparatus 

represents   the  highest  development  of 
Engineering  Skill. 

Automatic   Circuit=Breakers 

for   Direct=Current   Circuits 

(Brush   Type). 


Westinghouse  Automatic  Circuit  Breaker 
(Brush  Type). 


Automatic 

Circuit=  Breakers 

for 

High   Tension 

Alternating  Current 

Circuits. 


Westinghouse  Automatic 

Circuit  Breaker  for  High  Tension 

Alternating  Current  Circuits. 


The 


British    Westinghouse 

Electric  &  Mfg.  Co.,   Ltd. 

Head  OHices : 

London— Norfolk  Street,  Strand,  W.C. 
Branch  Offices:  Works:   Trafford  Park,  Manchester. 

Manchester    5,  Cross  Street. 

..    .  ,    „  For  Aiistriilia,  New  Zealand,  ami  Tasnianin,  communicate  with: 

Glasgow     65,   Renfield  Street. 

Newcastle-on=Tyne-Collingwood  Sydney    Noyes  Bros..  109.  Pitt  Street. 

Buildings,  Collingwood  Street.  Melbourne    Noyes  Bros.,  15  &  17,  Queen  St. 

Cardiff  -Phcenix  Buildings,  Mount  Stuart 

Square. 
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li  HARDY  PATENT  PICK  CO..  LTD 


"Hardypick,  Sheffh- ld 


SHEFFIELD,  England. 


Tclcphuiic  ;  NatiuiLil  1^7. 
do.     *    Local  157. 


Makers  of   the    "Universal"    and    "Acme"    Mining    and    Navvy   Picks. 
HAND   &    POWER    BORING    MACHINES    FOR    ROCK    &    COAL. 

Picks,  Shovels,  Spades,  Forks,  Hoes,  Axes,  Hammers,  Wedges,  Crowbars, 

and  all   Mining,  Quarry,  Contractors,  and  Agricultural  Tools. 
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Makers  OF 


IN  THE  WoftLD 
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Factories! 


INDISPENSABLE   IN  MANUFACTORIES 

for  counting   large    quantities    of    Articles,    Cfiecking    Men's  Work,  Stock- 
taking, or  for  making  into  Grosses,  etc. 

ESTIMATING     BALANCES 

Are  a  necessity  for  Estimating  and  Counting  Offices,  for  ascertaining 
the  weight  of    quantities  of  Articles  from  the  weight  of  one  Article. 


Write  for  Illustrated  Price  List  of 


AVERY'S    COIVIPUTING     BALANCES. 
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THE      LAYING      OUT     OF      ENGINEERS'  Joseph   Homer  .  .  .        425 

WORKSHOPS.     III. 

With  ^e\(-n  I'Lins. 

The  prt-seiit  articli;  deals  with  the  ijrouncl  plans  of 
works,  and  after  settini*  forth  his  theories  Ihcrt-on, 
the  Author  duscribcs  the  plans  followt-d  in  laying 
out  a  iiuniher  of  typical  establishments.  The 
prcvi"us  articles  of  tlic  series  appeared  in  the 
March  and  April  is^^ues. 

LOCOMOTIVE    ENGINEERING     NOTES.  C.  R    M        ....       436 

AMERICAN    RESUME  ........       439 

THE   VISIT    OF    THE    INSTITUTION    OF  The  Editor  .  .  .        441 

ELECTRICAL  ENGINEERS  TO  ITALY 

Willi  nuuiy  oiiiiiiKil  Illii^tr.iti.iiis  Jroiu  pIutL.^^i.iplis 
taken  eit  roiilf. 

HIGH    CAPACITY    WAGONS       .  .  .  One     who    does  not    believe       46? 

in    them 

FIRST       AID      TO      THE      INJURED      IN  Dr,  G.   W.   King.  .  .       468 

MINING 

AUer  ail  acciduiit  the  il:m!.;er  to  bv  apprehended  lo 
those  who  are  severely  injuretl  depends  in  :i 
measure  upon  the  length  of  time  which  must 
elapse  before  medical  aid  can  reach  them  This 
period  varies  from  a  few  mo  menls  to  several 
hours,  according  lo  circumstances.  During  this 
interval  of  wailing  what  is  to  he  done  ?  In  some 
instances  nothing:  in  others  pi ompt  action  must 
be  taken  to  save  life.  The  paper  indicates  the 
nature  of  this  action  in  a  number  of  specified 
cuntinjicncics, 

WORKSHOP  PRACTICE      .  .  473 

A  Uesume  of  Maclime  Tools,  Cranes,  and  Foundry 
Matters  for  thL-  Month.     With  Tliree  Plans. 

New  Turret  Lathes.— The  Practice  of  Crane  Making. 
—Muscle  V.  Machinery,  etc. 

NAVAL  NOTES  .  .  .  .  N.  I.  D         .  .  .  .      477 

Mii;itlilv  Xutts  on  Naval  Progress  in  Construction 
,iiid  Ai  ni.imtiit. 

OUR   MONTHLY  RESUME  .  The  Editor  .  .  .      480 

NOTABLE     BRITISH     PAPERS     OF     THE 483 

MONTH 

SOME    RECENT    PUBLICATIONS 495 

NEW    CATALOGUES 496 
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An    Illustrated    Technical     Monthly,   dealing    with     the    Engineering, 

Electrical,  Shipbuilding,  Iron  <S  Steel.  Mining,  6  Allied  Industries. 
DAVIDGE    PAGE,    Editor, 

Clun     House.    Surrey    Street.    Strand,    London,    W.C. 


Telcpllonc  Xo.  ;    3349   GERRARD. 

Telegraphic  and  Cable  Address : 
"SIXEWY,  LONDON; 


ANNOUNCEMENTS. 
Subscription    Rates   per   Year. 

Great  Britain  In  advance,  12s.  for  twelve  months, 
post  free.    Sample  copies.  Is.  4d..  post  free. 

Foreign  and  Colonial  Subscriptions.  16s.  for  twelve 
months,  post  free.    Sample  Copies,  Is.  6d.,  post  free. 

Remittances  should  be  made  payable  to  Page's  MagaZINK,  and 
may  be  forwarded  by  Cheque,  Money  Order,  Draft,  Post  Office  Order, 
or  Registered  Letter.  Cheques  should  be  crossed  "  LONDON  & 
COUNTY  BANK,  Covent  Garden  Branch. '  P.O.s  and  P.O.O.s  to 
be  niaoc  payable  at  East  Strand  Post  Office.  London,  W.C.  When  a 
change  of  address  is  notified,  both  the  new  and  old  addresses  should 
be  given.  All  orders  must  be  accompanied  by  remittance,  and  no 
subscription  will  be  continued  after  expiration,  unless  by  special 
arrangement.  Subscribers  are  requested  to  give  information  of  any 
irregularity  in  receiving  the  Magazine. 

The  whole  of  the  contents  of  this  publication  are 
copyright,  and  full  rights  are  reserved.  The  Editor  does 
not  hold  himself  responsible  fop  opinions  expressed  by 
individual  contributors,  nor  does  he  necessarily  identify 
himself  with  their  views. 


Advertising   Rates. 

,\11  inquiries  regarding  Advertisements  should  be  directed  to  "  TH  E 
ADVERTISEMENT  MANAGER,  Clun  House,  Surrey  Street,  Strand, 
London,  W.C." 


Copy   for  Advertisements 

should  be  forwarded  on  or  before  tlie  3rd  of  each  month  preceding 
date  of  publication. 

^°  Machinery  Merchants 

Send  for  our  New  Catalogue  of  Lathes.  Drills.  PUnes.  and  other- 
Engineers'  Tools.  Also  for  Circular  of  the  Latest  New  Petroleum 
Oil  Engines  (Two  Patents.  1002). 

BRITANNIA    ENGINE    AND    TOOL    FACTORY. 

COLCHESTER,    ENGLAND. 


Editorial. — All  coimtmnicatioiis  intended  for  publica- 
tion slioitld  he  written  on  one  side  of  the  paper  only, 
and  addressed  to  "  The  Editor." 

Any  contributions  offered,  as  likely  to  interest  either  home 
or  foreign  readers,  dealing  with  the  industries  cohered 
by  the  Magazine,  slwiild  be  accompanied  by  stamped 
and  addressed  envelope  for  the  return  of  the  MSS.  if 
rejected.  When  payment  is  desired  this  fact  should 
be  stated,  and  the  full  name  and  address  of  the  writer 
should  appear  on  the  MSS. 

The  copyright  of  any  article  appearini^  is  vested  in  Ihe 
proprietors  of  Pace's  Macazine  in  the  absence  ot  any 
written  agreenien/  to  the  contrary. 

Correspondence  is  invited  from  any  person  upon 
subjects  of  interest  to  the  engineering  community.  In 
all  cases  this  must  be  accompanied  by  full  name  and 
address  of  the  writer,  not  necessarily  for  publication, 
but  as  a  proof  of  good  faith.  No  notice  whatever  can 
be  taken  of  anonymous  comniiiuications. 

Second  Edition,  Rez'ised.      Price  7s.  6d. 

T^EPRECIATION  OF  FACTORIES,  Mines, 

■*— ^    and  Industrial  Undertakings,  and  their  Valuation.     With  Tables 
and  Examples. 

By  EWING  MATHESON.  M.Inst.C.E. 

The  Principles  which  should  guide  the  Writing  oft  for  wear  and 
tear.  Obsolete  plant :  Terminable  or  wasting  properties  :  Effect  on 
Income-tax  :  Value  defined  as  for  Compulsory  purchase  ;  Going  concern, 
or  dismantled  :  Rateable  value,  rental  value. 

"A  succes5ful  attempt  to  systematise  existing  information  and  to  make  it 
possible  to  arrive  at  uniformity  ami  accuracy  in  making  up  balance  sheets  for 
valuations.     The  work  is  unique  of  its  kind." —  The  Engineer, 

E.  &  F.  N.  SPON.   125,  Strand,    London. 


Mr.  G.H.  HUGHES,  A.M.I.Mech.E., 

Consulting  Engineer  for  Water  Works, 
97,    QUEEN    VICTORIA    ST.,    LONDON,    E.C. 

Telephone  No.:  5754  Bank. 


T.  HARDING 

iNGR^\i''J-?^EfT^°- DYNAMOS   AND   MOTORS. 

LEEDS. 


See  Page 

89. 


'^'^'rodle'v^leTd"'.™-  lifting  machinery. 


See  Page 
69. 


SELIG,  SONNENTHAL  <S  CO., 

85,  Queen  Victoria  St.,  6  GRINDING      MACHINES. 

Lambeth   Hill.  London,   E.C. 


See  Page 
13. 


THOS.    W.    WARD. 
ALBION    WORKS, 

SHEFFIELD. 


MACHINE     TOOLS. 


See  Page 
17. 


THE    SHANNON.    LTD.. 

KopemaKer  St.,  London,  E.C. 


OFFICE  APPLIANCES. 


See  Page 
94. 
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Telegrams: 
'  MATMORN.   LEEDS.' 


SURFACE  ENGINE   WITH   SHAFT  PUMPS. 


PLUNGER 
PUMPS. 


BUCKET 
LIFTS. 


P^-W 


PUMPING 
MACHINERY 

Specialities— 

DIFFERENTIAL    PUMPING    ENGINES. 
ROTATIVE   PUMPING   ENGINES. 

Horizontal  and  Vertical. 
Compound    and    Triple. 

HYORaULie    PUMPS. 
UNDERGROUND    PUMPS. 
ELEeTRie    PUMPS. 
WaTER     WORKS    PLANT. 

HATHORN,DAVEY&GO., 

LIMITED, 

LEEDS, 

ENGLAND. 


BUYERS'    DIRECTORY. 

SoiK.—Tlie  ilisflay  a<ln-rtis,-incnls  of  the  firms  mentioned  under  each  heading  can  be  /otind  readily  by  rejerence  to  the 
Alphabetical  Index  to  Advertisers  on  pages  57,  59,  60,  62. 

In  order  to  assure  fair  treatment  to  advertisers,  each  firm  is  indexed  under  its  leading  speciality  oxi-Y. 

Advertisers  who  prefer,  howcuer,  to  be  entered  under  two  or  more  different  sections  can  do  so  by  an  annual  payment  0/  5s. 
for  each  additional  section. 


Addressing  Bureaux. 

I  111  Aiil.miatic  Addies!.ini;  Bureaux,  Ltd..  10.  20,  21,  High  Holborn. 
l.omlnn.W.C. 

Belting. 

Hcming,  Birkby  &  Goodall.  Ltd.,  West  Grove.  H:il-.f.-ix. 

Boilers. 

Clayton,  Son  &  Co.,  Ltd.,  Leeds  City  Boiler  Works,  Leeds. 
Galloways,  Ltd..  Manchester. 

BoUtrs  (Water-tufae). 

Babcock  &  Wilcox,  Ltd..  Oriel  House,  Farringdon  Street,  London. 

EC. 
Cochran  &  Co.  (Annan),  Ltd..  Ann.in,  Scotland. 
B.  R.  Kowland  &  Co.,  Ltd.,  Climax  Works,  Reddish.  JIanchesler. 
Stirling  Co.  of  U.S.A.,  53,  Deans.ijale  Arcade,  Manchester. 

Bolts,  Nuts,  Rivets,  etc. 

llayliss  (ones  &  Bayliss.  Ltd.,  Wolverhampton. 

Kichard  Davies  &  Sons,  Bilberry  Street,  Manchester. 

Herbert  W.  Periam.  Ltd.,  Floodgate  Street  Works,  Birmingham. 

Books. 

Cliarles  Griffin  &  Co.,  Ltd.,  Exeter  Street,  Strand,  London,  W.C. 
L.  .!«  F.  X.  Spon,  125,  Strand,  London,  W.C. 

Boring  Machinery. 

John  G.  Tluj!ii,  Cinal  Works.  Patriciolt,  Manchester. 

Brass  Engine  and  Boiler  Fittings. 

Hunt    &   .Mittou,  Crowii    Brass   Works,  Oozells  Street  North,    Bir- 
mingham. 

Bridges. 

Lli\  eland  Bridge  and  Engineering  Co.,  Ltd.,  U.ulington,  England. 
Andrew  Handyside&  Co.,  Ltd.,  Derby. 

Buildings. 

A.  &  J.  Main    &  Co.,  Ltd..  Structural   Engineers,  Clydesdale  Iron- 
works. Possil  Park,  Glasgow. 
Aiuhew  Handyside  i\;  Co.,  Ltd.,  Derby. 
Portable  Building  Co.,  Ltd..  Fleetwood. 

Cables. 

St.  Helen's  Cable  Co.,  Ltd.,  Warrington,  Lancashiro. 
Suddeutsche  Kabelwcrke  A.-G.,  ILamiheini,  Germany. 

Carborundum. 

l^^ll^he^s  Supply  Co.,  27,  Chancery  Lane,  London,  W.C. 

Clutches  (Friction). 

IJavid  Bridge  &  Co  ,  Castieton  Ironworks,  Ixochd.ile,  Lancashire. 

Condensing  Plant. 

Wheeler   Condenser    and    Engineering    Co.,    171;.    yuecn    Victoria 
Street,  London,  E.C. 

Conduits  (Steel). 

Simplex  Steel  Conduit  Co.,  Ltd.,  ,So,  Digbeth,  Birmingham. 

Consulting  Engineers. 

(;.  H.  Hughes,  .-^..M.l.M.E.,  97,  Oueen  Victoria  Street,  London,  E.C. 

Continental  Railway  Arrangements. 

South  F.astern  ^;  Clialliam  K.iilw.iy  Ci  1. 

Conveying  and  Elevating  Machinery. 

.Adolf  lilcichert  t<-  Co.,  Leipzlg-tiohlis,  Germany. 

Brown  Hoisting  .Machinery  Co..  y),  Victoria  Street,  London,  S.W. 

Bullivant  &  Co.,  Ltd.,  72,  Slark  Lane,  London,  E.C. 

Graham,  Morton  &  Co.,  Ltd.,  Black  Bull  St..  Leeds,  England. 

Ropeways  Syndicate.  Ltd.,  30,  St.  Mary  Akg,  London,  E.C. 

Cranes,  Travellers,  Winches,  etc. 

lossph  Booth  &  Bros.  Ltd  ,  Kodley,  Leeds. 
Broadbent,  Thomas,  it  Sons,  Ltd.,  Huddersheld. 

Cranks.    ' 

Clarke's  Crank  &  Forge  Co.,  Ltd.,  Lincoln,  England. 
Woodhouse  &  Rixson, Sheffield. 

Destructors. 

Horsfall    Destructor    Co.,    Ltd.,    Lord    Street    Works,    Whitehall 
Koad,  Leeds. 

Dredges  and  Excavators. 

Kose,  iJ'A^ns  iS:  1  hompson,  Ltd..  Old  Foundry,  Hull. 


Economisers. 

1;,  Gicen  \  Son.  Ltd..  MauchCbter. 

Ejectors  (Pneumatic). 

Hughes  &  L.UKaster,  47,  Victoria  Street,  Loudon,  S.W. 

Electrical  Appparatus. 

,>llgcmeuie  I'.lektricitats  Gesellschaft,  Berlin,  Germany. 

Brush   Electrical  Engmeering    Co.,  Ltd.,  Victoria  Works.  Belvedere 

Koad,  London,  S.E. 
British  Westinghouse  IClectric   &  Manufacturing  Co.,  Ltd.,   Norfolk 

Street,  Strand,  London,  W.C. 
Crompton  &  Co.,  Ltd..  Arc  Works,  Chelmsford. 
Greenwood  &  Batley,  Ltd..  Albion  Works,  Leeds. 
T.  Harding,  Churton  &  Co..  Ingram  Street.  Leeds. 
International      Electrical    Engineering    Co.,     Clun    House,  Surrey 

Street,  London,  W.C. 
Matthews  &  Yates,  Ltd.,  Swinlon.  Manchester. 
Pluvnix  Dvnamo  Manufacturing  Co..  Bradford,  Yorks. 
Turner.  Atherton  &  Co.,  Ltd.,  Dent.>n,  Manchester. 

Engines  (Electric  Lighting). 

I.  S  H.  JlcL.iren,  Midl.uid  Engine  Works,  Leeds. 

Engines  (Locomotive). 
Hiiuslet  Engine  Co..  Ltd.,  Leeds,  England. 
Hudswell.  Clarke  &  Co.,  Ltd.,  Leeds,  England. 

Engines  (Stationary). 

E  S.  Hiudley  ,*t  Sous.  11,  Queen  Victoria  Street,  London,  E.C. 
Kobey  &  Co.',  Ltd..  Globe  Works,  Lincoln,  England. 

Engines  (Traction). 

Iiio.  Fowler  &  Co.  (Leeds),  Ltd,,  Steam  Plough  Works,  Leeds. 

Engravers. 

J  no.  Suaui  &  Son,  Ltd.,  ;8,  Farringdon  Street,  London,  E.C. 

Fans,  Blowers. 

Davidson    &    Co.,   Ltd.,    "  Sirocco"    Engineering    Works,   Belfast, 

Ireland, 
lames  Keith  &  Blackman  Co.,  Ltd.,  27,  Farringdon  Avenue,  London, 

E.C. 
Matthews  S:  Yates.  Ltd.,  Swinton,  Manchester. 
'Ihe  Standard  Engineering  Co.,  Ltd.,  Leicester. 

Feed  Water  Heaters. 

Koyles,  Ltd.,  Iilaiii.  near  Manchester. 

Firewood  Machinery. 

yi.  Glover  &  Co..  P.iltntees  and  Saw  Mill  Engineers.  Leeds. 

Fountain  Pens. 

.Mahie,  Todd  &  Bard,  03.  Cheapside.  London,  E.C. 

Fountains. 

Amluw  Handyside  .\:  Co.,  Ltd.,  Derby. 

Forgings  (Drop). 

J.  H.  Williams  &  Co.,  Brooklyn,  New  Voik.  U.S.A. 

Furnaces. 

Deighton's  Patent  Flue  &  Tube  Company,  Vulcan   Works   Pepper 

Koad,  Leeds. 
Leeds  F'orge  Co.,  Ltd.,  Leeds. 

Garden  Vases  (Cast  Iron,  Ornamental). 

Audit  w  ll.indyside  ^t  Co.,  Ltd.,  Dei  liy. 

Gas  Producers. 

W.  K.  .Mason,  Ltd..  Engineers,  Manchester. 

Gear  Cutters. 

E.  G.  W'rigley  &  Co.,  Ltd.,  Foundry  Lane  Works,  Soho,  Birmingham. 

Gears. 

Bunoline  Noiseless  Gear  Co.,  Levenshnlme,  Manchester 
E.  Arnold  Pochin,  Croii  Street,  Pendleton,  Manchester. 

Gold  Dredging  Plant. 

l.Mbuit/  t<-  C.-.,  Ltd.,  Kellfrew,  Scotland. 

Gauge  Glasses. 

J.  1>.  rre.isure  &  Co.,  Vauxhall  Roid,  Liverpool. 

Hammers  (Steam). 

iJavis  ,v  Primrose,  Leith  Ironworks,  Edinburgh. 
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Typewriters 


Save  £9  and  a  lot   of 
worry,  and  buy  an 


EMPIRE 


TYPEWRITER. 


The   Machine    With    ALL    the    Writing   in    Sight. 


^m?\TcTVvcv(»\'t-eT      \ 


Price 

£13    2s.   6d. 

complete. 


'  "I^^W* 


NOT 

5UUPA5:5ED 

5/  ANY  i^ACMIME 

llilii  i^PCCTIVE 

or  PUICE. 


Contractors  to  H.M.  Uovernmeat. 


T^lf  Empire  Typewriter  Syndicate,  L^ 

ILKaC  Otticc  :    77,    QUEEN   VICTORIA   STREET,   LONDON,   E.G. 


Branches  or  Agencies  :— 

BIRMINGHAM-43,  Temple  Street.         MANCHESTER-49,  Corporation  Street. 
BRISTOL-9,  John  Street.  LEEDS— 17,  East  Parade. 

HANLEY     Post  Office  Buildings.  BRADFORD    35,  Charles  Street. 

LIVERPOOL-7,  South  John  Street.      GLASGOW— 87,  West  George  Street. 


NOTTINGHAM    48,   Parliament  Street. 
LEICESTER    34.  Charles  Street. 
DUBLIN-  Wellington  Quay. 
And  throughout  the   World. 
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'^^(^Mmi]i(         Machine  Tools 


CHARLES  CHURCHILL  &  CO..  L 


TD. 


SOLE     AGENTS     FOR     THE 


"  Bath"  Universal  Grinder. 


The  Bath  At-TOM.\Tic  L'xiveksal  Coubixatiox  OkixufcK.    <IN   STOCK.) 
SEND     FOR    FULL    PARTICULARS. 

LONDON:    9  to  15.  Leonard  St..  E.G.      BIRMINGHAM:    2  to  10.  Albert  St. 

MANGHESTER:  2.  Charlotte  St..  Mosley  St.    GLASGOW:   52.  Bothwell  St. 

NEWGASTLE=ON-TYNE  :    Albion   Buildings.    St.  James'    St. 


Machine  Tools 


RADIAL,  DRILLING,    BORING, 
^  TAPPING  MACHINES 


FOR  ALL  PURPOSES. 


A   SPECIALITY. 


ELECTRIC  and  BELT  DRIVEN,       tl    unique  features    n d  thoroughly  modernised,  nu   taking 

FULL  ADVANTAGE       new  HIGH  SPEED  CUTTING  STEELS,  <     n  3  ft.  6  in.  t,> 

7  ft.  radius,  always  in  progress. 


WILLIAM   ASQUITH,  Radial  Maker,  HALIFAX, 

ENGLAND. 
Contractor  to  H.M.  War  Department,  the   Lords   of  the  Admiralty,  Imperial  Japanese 
Navy,  and  other  Foreign  Governments.         ESTABLISHED   1865. 
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Machine  Tools 


SELIG,  SONNENTHAL&  C? 

THE     "SUNDALE" 
Self=Acting    Slide,    Surfacing,    and    Screw=Cutting    Lathe. 


THE  "SUNDALE 
Special   Boring  and 


Surfacing   Lathe. 


Large  Stock  of 

HIGH=CLASS 
MACHINE  TOOLS 

Leady    for    immediate   delivery. 


THE  "SUNDALE" 

Improved  Radial 
Drilling  Machine 


With  Arm 
ddle 


85,  Queen  Victoria  Street,  and  Lambeth  Hill,  LONDON,  E.G. 


Machine  Tools 


Thread  Milling  Machines 


REGULARLY 
BUILT  I 

IN  FOUR      ^ 
SIZES. 


m 


^■'M 


a 


6  by  8u  inh  Thread  Millius  Machine. 

We  predict  that  the  latlie  will  go  out  of  use  for  thread  cutting. 

Our  Milling  Machine  cuts  to  the  full  depth  of  the  thread  at  one  operation  with  a  very 
slight  heating  of  the  work. 

In  the  lathe,  even  at  reasonable  speeds,  the  screw  will  heat  and  expand,  which  prevents 
uniformity  of  pitch  :  this  trouble  increasing  as  the  speed  of  the  cutting  is  increased. 

At  best,  the  side  of  a  thread  is  not  smooth  when  it  omes  from  the  lathe  ;  while  from 
the  Milling  Machine  it  is  as  if  polished.  It  is  the  side  of  the  thread  that  does  the  work. 
Smoothness  is,  therefnre,  essential. 


SMALL    TOOL    DEPARTMENT. 


r\    /^    r\    p. 


T'     r>.     p     /\     />     A,     Z". 


[iiniJirmmjii. 


Our  special  Process  TAPS  are  made  uniform,  and  liave  one>tliird  longer  life  than  any  other  made. 

TAPS,      DIES.      REAMERS,     RATCHET     DRILLS,     MILLING 
CUTTERS.    GAUGES.    Etc..    Etc. 

PRATT  &  WHITNEY  Co., 

:s„s£lvi1^TSr;^^^^^^^  Works  :  HARTFORD,  CONN.,  U.S.A. 

COPEXHAGKN',    DENMARK  :     V.    LoUF.SER.        STOCKHOLM.    SWEDEN  :     AUTIEBOLAGET.    V.    LowEXER.       PARIS  :     I'FWVICK 
V,..,,.,.    ,vi    c,,     ,,     u„e    M:irfL-l,    AUl-iiIs   la-    K-.T  i  c    ><p:iin,    llnly     I'.clgiimi,   Switzcrl.-ind.  aiul    I'.jrtiij;:il. 
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xHachine  Tools 


Jos.  C.  NICHOLSON  TOOL  Co 


Engineers    and    Machine    Tool    MaKers, 


City   Road   Tool   Works,   NEWCASTLE-ON-TYNE. 


SPECIALITY 


Big 


Cuts 


^^  High 
^^T^  Speeds 


THE   "COLLINGWOOD  "    high-class,  screw-cutting   lathes. 

Headstock  powerfully  geared  ;  Tailstock,  with  slide  adjustment  ;  Saddle,  heavy  ;  Handle  Feed  Motion  to  bacUshaft, 
giving  three  changes  of  feed  ;    all   Gearing  machine-cut  from  the  solid. 

(WRITE    FOR    OUR     NEW    POCKET    CATALOGUE.) 


^,,^^--m 

-.  PATENT  PLANING 
W                         MACHINE. 

,  tm' 

fPlL  1 

[^^P^H                               One  of  the  greatest  disadvantages  in  connection 

^^■^■ri^HuS^  ■^B|^k''K^^^                              ^^'"^    ""^   American    type          I'laning   Machines      | 

,  c 

^"^^&MJ||Qr|  pa^H^^H 

■    k^*-Tr;        1                             huneiio  nas  oeen  ine  resiriciea  posiuon  ot    mc 

^ 

?3 

VJllj^l^l                             belt  drive.     There  is  only  a  latitude  ot   a   (ew 

ri^^|HI                            inches  on  one  side,   the  Vertical  position.      This 

'  S'      l^^K                           ^'"^s  been  overcome  by  our  patented  attachment, 

PjQJn^B                            which  enables   the   belt    to  drive   at  any   angle 

Hn^l^^l                            between     Vertical    and     Horizontal     from     the 

■|Sa^^^|^^^^                             countershaft  to  the  machine. 

I^ril  CUNLIFFE  &  GROOM,  Ltd., 

I^^^H|HU||^^H  Broughton  Iron  WorKs, 
I^^^^^PmF                   MANCHESTER. 

mO^^Hj^fm^^         Shoiivroom 

**'^^-"               66.    Victoria    Street.    MANCHESTER. 

ESrAIiLISUKD    l8f.4. 
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?fl.ill°^'Ea®MDKIl]f         Machine  Tools 


C.  W.  BURTON  BRIFFITHS  &  CO., 

Ludgate   Square,  LONDON,    E.C. ; 

and    at   57=59,    Finnieston    Street,   GLASGOW. 


Specialists  in     .     . 

LABOUR  SAVING  TOOLS  FOR  METALS. 


The    Lodge  and    Shipley   Lathes. 

Made  in  sizes,  from  7  in.  to  24  in.  centres.  Above  illustration  shows  9  in.  Centre  Lathe.  Provided 
witli  either  American  or  English  Tool  Posts.  Oiiick  Change  Gear  System,  no  time  wasted  changing 
Gears.     Thread   of  Screw  only  in  use  when   Lathe  is   cutting  Screws.      Indexed    Crank    Shaft   for 

internal  work.     Lars/e  Cones.     Wide  Belts. 


FULL     PARTICULARS     ON     APPLICATION. 


SEND    FOR    CATALOGUES 

fNew  Issue/    Post  Free. 


high-class'  new  machine  tools 

IN    STOCK    FOR    IMMEDIATE    DELIVERY. 

Telegrams:   'MiLLiiNO.  sHEFHiELD."      for  the  Catcsi  and  most  Up-to-Datc 

National  Telephone  No.  :  pSs-  T  T  T^^      A     ^    T^^^ 

MACHINE 
TOOLS   =  = 

Also  Special  Lifting  Jach  for  Electric 
WRITE  .  .  .  Tramcars. 

GEORGE  ADDY  &  Co.. 

WAVERLEY  WORKS,  SHEFFIELD. 


PLATE    BENDING    MACHINE. 


I        Patent  Bevelling  Machines 

FOR    SHIPS'    FRAMES. 

STEAM     HAMMERS 

FOR    SMITHS     SHOPS    AND    tOPGES 

f.s:~F,-        /i^"'^^Y  ri  1^^  Forge    Cranes,     Hand     and     Steam 

^"1^^_     DAVIS   &  PRIMROSE, 

^"\^^  icitb  Sromvorhs,  EDINBURGH 


Code  word  for  this  Machine.  "  Eyeglass.'"        Ai  and  ABC  Codes  used. 
Tclcgrnms:  "Etxa.   LeiTH." 


<iMmi 


Machine  Tools 


RICE  6  CO.  (Leeds),  Ltd., 


LEED3, 

ENGLAND. 

HYDRAULIC 


Riveters, 

Presses, 

Cranes, 

Punches, 

Shears, 

Hoists, 


Lifts, 
Pumps, 

Accumulators, 
Intensifiers, 
Valves, 
&c.,  &c. 


Three-Ton  Hydraulic  Crane. 


A  li  C  Code.  4lh  Edition,  used. 
Telegraphic  Address :   "  Press,    Leeds." 

Telephone  Xo.  :  2;^<'-2. 


^^^^^^^^*#^?***^t*#********^?#$#^**#$**^***##***^^gi 


J^  It  is  Worth 
^  Vour  Ulhilc 

fto  Buy 
Direct 


CDe  Reliance  Cubricating  Oil  Co. 

Maiiuf.i.  Mjre  .i:i.!  S-  pplv  the  llf^t  aiid  ('hcTpest 

HIGH-CLASS     NON-CORROSIVE 

LUBRICATING     OILS 
AND     SOLIDIFIED     LUBRICANTS. 

Castor.  I^ani.  Olive.  Neatsfoot,  and  Linseeil  <.»ils.  Tallow,  i^'c. 


Che  Keliance  Cubricating  Oil  €o.,     ^ 

19  &  20,  Water  Lane,  Great   Tower   Street,    T^ 

LONDON,    E.G.  <yii 

Also  99,  Great   Clyde   Street,  Glasgow^;    and  dft, 

1,  Sandhill,  Ncwcastle-on-Tyne. 

I  Telegrams:   "iiUBASTRAL,  LONDON." 

I  Teleplione  No.:  AVENUE  5891.  ABC  Code  Used. 


t 


^^^^^/^V^N^^gv4^.4\ygVjiv'a-'S>/V^^'j^^v^^ 


^<>^>K>^i^^v^K^^;^<>v^^-^;^^K^^^>v^H^ 
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Machine  Tools 


PATENT  SHEARING 


AN 


.  PUNCHING  MACHINES 


for  shearing  plates  of  UNLIMITED  length  and  width. 


R.  BECKER   6    CO., 

46,   RIVINQTON    STREET.  OLD   STREET,   LONDON,   EX. 
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Luke  &  Spencer,  ua.. 

BROADHEATH. 

MANCHESTER. 


Telegraphic  Address  : 

"  Emery.  Altrincham.' 

National  Telephone : 

"Altrincham  49." 


Manufacturers  of 

GRINDING 


and 

POLISHING 

MACHINES. 

EMERY.     .     . 

WHEELS.     . 

Etc 

Send  for  our 
£  n 1  a  rged 
C  a  ta  logu  e, 
free    on 

Application. 


Machine  Tools 


SCHISCHKAR  &  COMPANY,  Ltd., 

Sole  European  Agents  for  the  ACME  AUTOMATIC  SCREW  MACHINE. 

Output  three  to  four  times  that  of  ;iiiy  Sinyle  Spindle  Machine. 
Greater  Accuracy,  Better  Finish. 

IMPROVED     DISC    GRINDERS. 

UNIVERSAL    CUTTER     GRINDERS.    &c..    &c  , 

THE     MILWAUKEE     MILLING     MACHINE. 

Write  lor  Cat.ilcisue  and  Prices  to 
65     to     69,     STAFFORD     STREET,     BIRMINGHAM. 


Sawing  cS  AiVoodworking  Machinery. 


Contractors  to  most 
Governments,  many 
Railway  Companies, 
Collieries,  Shipyards, 
Dockyards,  &c.,  &c. 

M 

Over  1,000 

Workmen     em- 

ployfd  in 

this 

Department. 

JS 

Catalogues   and 

Prices 
on    Application. 


Over  70,000 

Sawing    <5    Wood= 

working  Machines 

supplied. 

GRAND  PRIX," 
Paris.  1900. 

M 


Over   70  Gold 

Medals 

and  other 

Highest 

Distinctions. 


HFA    LAHGK    PATt.\T    HOKIZO.MAI.    11AM)    MiM.. 

Chief  Office  and  Showrooms  : 


KIRCHNER  &  CO.,  zx^^T^^^^uXciirsT.,  London,  E.G. 
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Machine  Tools 


« — — §. 


IS 


IS 


WINN'S 


SCREWING  MACHINES 


MODERN     DESIGN. 


FOR  TUBES  OR  BOLTS— ALL  SIZES  MADE 

A.ISO      otJier      Types. 


Charles  WiNN&Co. 


^ 


ST.    THOMAS    WORKS, 


BIRMINGHAM. 


ft 


ft 
ft 

ft 

& 

ft 
& 

ft 
ft 

I 


n w      ^(C^ 

,@MiiKiEir 


Machine   Tools 


BERTRAMS    LIMITED 


London  Office : 

21.  Gt.  St.  HELEN'S,  E.G. 


ST     KATHERINE'S    WORKS, 

SCIENNES,  EDINBURGH. 


Circular  Cutter  with  Punch  and 
Apparatus  for  Circles. 


Manufacturers  of   all   kinds  of 

MACHINE    TOOLS 

FOR    ENGINEERS,    SHIP    BUILDERS, 

BOILER    MAKERS,    &c.,   &c. 


For  Gears,    Bevels,    Worm   Wheels,  Spirals, 
or  anything  in  the  gear  line,  write  to 

THE  BUFFOLINE  NOISELESS  GEAR  Co., 

LEVENSHULME, 
WHO    ARE    THE    ENGLISH 


GEAR  SPECIALISTS. 


^MF 


A^^nr^^^ 


'^F^fe 


FORGING 
MACHINES, 

CAPSTAN    LATHES 

AND    OTHER    TOOLS. 

SAWING    MACHINES. 


0 

^     WILLIAM  RYDER,  Ltd 

BOLTON. 

"THE    BOLTON    BLACKSMITH." 


InLaSaiDKll  If    Hydraulic  Machine  Tools 


West  Hydraulic  Engiiieering  Co., 


Telegrams  : 
"AcROSTiCAL.  London" 
•  ACRosTicAU  Bradford 


Contractors 

to  the 

Governments 

of 

Great    Britain. 

India, 

Germany, 

France, 

Russia, 

Italy, 

Spain, 

Belgium, 

Switzerland, 

Japan, 

Chili. 


23,  COLLEGE  HILL,  LONDON,  E.C. 


WorKs:    LUTON    BEDS 


MaKers   of 


High  Grade 
Hydraulic   Plant 
and 
Machinery. 


TYPE     "A"     HYDRAULIC     PRESSURE     INTENSIFIER. 
With  worKtng,  non^return  and  automatic  regulating  valves. 
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Machine  Tools 


THIS 


LATHE 


is  for 


"  SLOGGING " 

or 

HIGH-SPEED 


it 


HAS 


ONE    OF    A    GOOD    LINE    OF    LATHES. 

NEW      CATALOGUE      N  O  AW      READY 


POWERFUL 

DRIVE  AND 

FEEDS. 


J.  PARKINSON  &  SON,  Shipley,  yorks 


Tklkphoxe  Xo.  :   1469. 

TELEGKA51S  :   "TUriOH,   BlKMINGllAM. 


Modern  .  .  . 
Machine  Tools. 


CAPSTAN    AND    TURRET    LATHES. 
DRILLING    MACHINES. 
MILLING    MACHINES. 
BORING    MACHINES. 


H.W.WARD  &  Co. 

ONL  y  ADDRESS- 

86,    Lionel    Street, 

BIRMINGHAM. 

Contractors  to  British  and  Foreign  Governments 
and  Principal  Engineering  Firms. 


— '        4>       t. 


CO  =  a 

«    S   '^ 
a  o    ° 


pi  3 
3    w 


1/1     S, 


J.  BENNETT  VON  DER  HEYDE,  6,  Brown  St.,  MANCHESTER. 


TMK 

CI 


DRUM" 

PUMP. 

JOHNSON'S        PATENTS. 


Sectiox  oi-'  "Diiusi"  I'rjii'. 


POSITIVE     ACTION. 

NO     VALVES. 
HIGH     EFFICIENCY. 

DRUM 
ENGINEERING  CO., 

.27,  Charles  St..       t— ^ 

BRADFORD. 


24 


Mmmm 


Mining  Machinery 
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LOBNITZ'  aOLO   DKBDQERS  ARE 

AT  WORK  IN  BRITISH   NORTH 

AND  SOUTH   AMERICA,   AFRICA, 

ASIA,  &c. 


i,obn»tz  »  ^  ,, . 


Mining 


UfAiT^^^' 


l„MiroV 


^i  DtbVi;"^ 


,,;>,„,(ucU.ve 


GOLD 


DBE^ 


AU  P-i' 


5TU^^»P: 


.OBN1TZ&.22:: 

ImV^^^  Telegraphic  Address: 

LOBNITZ.  RENFREW.     A i  Code  used. 


EDWARD  CHESTER  &  Co.,  Ltd. 

Manufacturers  of  all  Classes  of 

^,g,^  MINING  MACHINERY 

Branches  :    Johannesburg,  Bula-wayo,  Barberton,  Port    Elizabeth  in 

South  Africa,  and  Kalgoorlie,  Australia. 

V/orks:    RENFREVA,   Scotland. 


HEAD    OFFICE:     120,     Bishopsgate     Street    Within,    London,    E.C. 


J.  P.  Hall  &  Sons, 

Ltd., 

r 

PETERBOROUGH. 

We  make   a  SPECIAL  Compound 
Direct  Acting  Slow  Running 

Boiler  Feed 
Pump 


ECONOMICAL  AND  EFFICIENT. 

We  deliver  100  lbs.  of  Water  for 
the  expenditure  of  1  lb.  of  Stean). 
Tills  with  our  2,000  gallon  Pump, 
and  a  much  higher  efficiency  as 
the  size  of  the  Pump  iricreases. 

AN     IDEAL     PUMP     FOR     GENERAL 
BOILER    FEEDING    PURPOSES. 

Apply  foii   PARTict'i.ARS. 


J.  B. Treasure  sC- 

Excelsior  Fire-Polished 

GAUGE    GLASSES, 

LUBRICATORS, 
INDIA  RUBBER     WASHERS, 

&c.,    &c. 

Vauxhall  Road,  Liverpool. 


J.  Fredk.  Melling, 

14,  PARK   ROW, 
LEEDS,    England. 

Iron  &  Steel  Bars,  Plates,  Sheets,        wriu  lor 
(ilrilers,   Channels,   Angles,    Rails,        section  Lists 
Blooms,  Billets,  &   Slabs.  ""'  ^"'"^- 

I'll'.-tfi.un-i  :  ■•  I,m;\iton    Liiii'-." 
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Mining 


ni 


ERNEST  SCOTT  &  MOUNTAIN,  L 


TD. 


Branch  Ollkcs. 
LONDON:    20.    New  BrIdRC  St., 

Blackfi'iars. 
GLASGOW  :  93.  Hope  Street. 
CARDIFF:  8,  Working  Street. 
Shelfleld,  BlrminRliam,  Calcutta. 
Bombay,  Shanghai.    Singapore. 

Johannesburg. 


"Scon  ami  Mountain  ■  Protected  Type  Motor.     Oper.itin(;  Scull  Brcakinn  Winch. 


Boosters. 
Mining  Pumps 


AND 


Haulage   Gears. 


Coal   Cutters. 


NEW     LISTS     NOAV     READY. 


STEAM 
DYNAMOS. 


MOTORS. 


■  Scott  anJ  Mountain  "  .Mining  Pump.     300  galls,  per  min. 
1.50U  ft.  head. 


ELECTRICAL  AND  GENERAL  ENGINEERS. 


NEWCASTLE-ON-TYNE, 
ENGLAND. 


jf\mi^Mm]f     Mining  Machinery 


Blast    Furnace 

GAS     ENGINES 


TWO  CYCLE  G/\S  ENGINES, 
RIEDLER  BLOWING  ENGINES, 
RIEDLER   AIR  COMPRESSORS, 
RIEDLER  ELECTRIC  PUMPS, 
RIEDLER  EXPRESS  PUIV|PS, 
RIEDLER  STEAM  PUIVIPS, 
CORLISS  CORNISH  PUMPS, 
RAND  COMPRESSORS, 
WINDING  ENGINES, 
CORLISS  ENGINES, 
BOILER  PLANTS, 
ROASTING,  SMELTING,  and 

REFINING  MACHINERY. 
COMPLETE  STAMP  MILLS, 
CRUSHERS   and  PULVERIZERS, 
CONGEr^TRATION  MACHINERY, 
PROSPECTING  OUTFITS, 
CYANIDE  PLANTS, 
ELMORE    OIL  CONCENTRATION 
PLANTS, 
CONDENSING  PLANTS, 
BOILER  FEED  PUIVIPS. 
RAND  ROCK  DRILLS. 
ROBINS  BELT  CONVEYORS, 
PELTON  WATER  WHEELS. 


(KORTING'S     PATENT). 


500    H.P.    Kopting    Blast    Furnace    Gas    Engine,    with 
Blow^ing  Cylinder, 


Any    of    the    above     Catalogues 
on  AppHcation, 


Gas  Engines  from  400  to  3,000  B.H.P. 


FRASER  a?CHALMERS,L 

Engineering  and  Mining  Macliinery, 
OFFICES:    43^    THREADNEEDLE    STREET,    LONDON,    E.G. 

Works  :  ERITH,    KENT. 
28 


Aerial  Ropeways 


ADOLF  BLEICHERT  &"  C 


o..  LEIPZIC-GOHLIS, 


GERMANY 


were 
structed   by 
some  of  I 
of  34  kilometi 


Experience. 

Gold  Medals. 
Highest  Awards. 


Best  and  .  .  . 
cheapest  medium 
of  transportation 
for  all  kinds  of 
material  for  any 
distance  and  .  . 
within  factories. 
— I— 

All  topographical 
difficulties  over- 
come by  our  . 
Patent  Jaw-Grip 
Coupling  .  .  . 
Apparatus     .     . 

"  Automat " 

— I— 

We    have    built 
plants  with  . 
gradients  of  1:1, 
and  spans  of  over 
1,000  metres. 

First-class  .  . 
references  from 
first-rate  houses. 


Wire=Rope^vay  executed  for  Sucreries  Centrales  de  Wanze  See.  Anonyme,  Wanze  iBelg.' 

Special  Department  for  the  Construction  o[ 

Hoisting  &  Conveying  Machines.  Cranes. 


Representative:    J.    SCOTT -ANDERSON,    IJ 1;  ^,^'^'!-"">-i-E"e.neers. 


Electrical  Engineers- 


Sheffield,     Royal     Insurance    Buildings. 
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Aerial    Ropeways 


<^ 
-If 
<f 

1^ 

tf 

<^ 

<^ 

<^ 

«^ 

♦ 

■€(■ 

"ft' 


CHEAP     TRANSPORT 

Improved 
Aerial 
Wire 
Ropeways 


Till;  Best  and  Cheap- 
est Sy-iL-m  iiii  Carry 
ing  Ores,  Coals, 
Limestone,  Bricks, 
Clay.  .111(1  ..iiici  .Mj. 
kri.iN,  Especially 
over  Roug-h  Ground, 

.incl    lor    .iiiv   di^laiicc. 

Capacity,  from  .30  tu 
500  Ions  per  day  and 
over. 


Ooer  Other  Systems. 

Economy    in    Cost    and 

Working. 
Few  Supports. 
Reducpd  Wear  of  Cables. 
Simplicity   of  Construe 

tion. 
Long   Spans  and  Steep 

Gradients  Overcome, 
High-Class  Material. 


NUMEROUS  INSTALLA- 
TIONS AT  WORK  in 
EnKl.Tiid  and  Abroad, 
GIVING  THE  GREATEST 
SATISFACTION.  Inquirers 
should  state  LENGTH. 
CAPACITY,  and  NATURE 
OF  GROUND. 


Photograph  of  a  Line  carrying  350  Toxs  per  Day. 

Estimates,  Pamphlets,  and  full  Particulars  on  application  to 

The  ROPEWAYS  SYNDICATE,  Ltd,,  30,  ST.  MARY  AXE,  E,C. 


Telegraphic  Address  :    "ROPEWAYS,   LONDON." 


« 
« 
^ 


^m'SlMMMmii        Iron  and  Steel 


CONSETT  IRON    COMPANY  L 


WORKS   AND  OFFICES    -  CONSETT  c  ouf^HAM 


Steel    r  lates  &  Angles 

(Siemens    Acid   Process). 

Tees,  Bulbs,  Zeds,  Channels,  Bulb  Tees,  and  Angles, 

ROUND,    SQUARE    AND    FLAT   BARS. 

STEEL    CHEQUER    PLATES 


BESSEMER     PIG     IRON. 


Oval  and  Diamond  Patterns, 


WEEK:iLiY    OXJTI>UT 


um^ 


Steel    Plates 
Angles 


2,500   Tons. 
1,500 


COAL  OWNERS  and  Makers  of 

41     ^      FirebricKs,  CoKe,  6c.,  for  Blast  Furnaces  and  Foundries. 


Material    of   llie    HIGHEST    QUALITY    manufactured,    such   as   is   used    by    the   British    and    Foreign    Governments   for 

Shipbuilding   and    Engineering   purposes. 


OFncEscoNSETT  Duf^MAM  andnE  WCASTLE  °^  T  YNE 


]Mi^'^%mMmm    iron  and  Steel,  &c. 


Brown  Bayley's  Steel  Works,  L 


Telegraphic  Addresses 


(   ••BAYLEY,  SHEFFIELD." 
<  "BALI,  LONDON." 


5HEPriELD. 


Manufacturersof  steel  by  the  'SIEMEN'S"  and   'BESSEAIER"  Processes. 

AlAKKRS  Ol"     .      . 


T\res,  Axles,  and  Spring.*  for 
Railway  Locomotives,  Railway 
Carriages  and  Wajrons,  and  for 
Tramwav  l-.ngines  and  Cars. 


Special  Guaranteed  Spring  Steel  for 
Railway  Locomotive  Springs,  Railwa\ 
Carriajje  and  Wagon  Springs,  and  for 
Lorry,  Dray,  and  Cart  Springs. 


ENGINEERS  &TOOL  Makers 

TD  MACHINE    CLEAN  &.  BRIGHT 
ALL    OVER. 

Pakker  f  oun  dry(o,Dei\by. 


ON     ADMIRALTY     LIST 


RAILS 


FIS-HPLATES.  BOLTS, SPIKES, OHfllRS&c 
^^    POINTS  flrtD  CROSSINGS. 


n\vwwj;j|ri,^^ 


>  FRIED.  KRUPP 
GRUSONWERK 

Magdeburg-Buckau    (Germany), 
Complete    Plant 

Linoleum  Factories 
India  Rubber  Factories. 

Machinery  for  the  Manufacture  of 


Lead  Cables. 


[pASti'^lBaSiiSDKIl'jf         Iron  and  Steel 


o 


DROP-FORCED  WROUGHT  STEEL  SPANNERS. 

S^    -V        Ir.   -ii!r    Mhth,  lo  .t-in     Nuls,  ^   -^^ 


n 


r-^ 


^K 


Armstrong,  Stevens  &  Son, 


WHITTALL   STRI:l-:r, 

Birmingham. 

Price  Lists  on  apiilication. 


SOLID    .?— j^   DYNAMO 

DROP    ?: — i       EVE 

FORCED.  ===     BOLTS. 


i  I 


c\ 


Orankshafts  and  F  orgings 

(ON    ADMIRALTY.    WAR    OFFICE,    «&c..    LISTS.) 

BENT  CRANKS 

(Square   or   Round) 

For   Marine  and 


Bent  Threc-Thro*w    Pump  Crankshaft. 


other  purposes. 


•/«  a< 


WOODHOUSE    AND     RlXSON, 


sh:£:ffi£:il.d. 
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Iron    and   Steel 


Styrian    Steel   Works, 

Sheffield, 

April,    190J. 

Dear   Sir, 

Our  Styrian  Crucible  Cast  Tool  Steel  is  melted  from  the  purest 
Charcoal  Refined  Raw  Material,  and  excels  all  other  Crucible  Cast  Steel  on 
the   Market. 

We  shall  be  pleased  if  you  will  send  us  particulars  of  the  most 
difficult  Tools  you  use  in  your  Works,  and  allow  us  to  send  you  a  sample 
of  our    Steel    that    is    best    suited    for  the    purpose. 

We   are,    dear    Sir, 

Your  obedient  servants. 


Head  Office  : 

ST.    PAUL'S    SQUARE,    BIRMINGHAM. 


SAML-    BUCKLEY. 


THOMAS   SMITH   &   SONS  of  Saltlcy,  Limited, 

Birmingham. 


Illustrated     Price     Lists 
Now    Ready. 

Post  Free  on  application. 


O-fO 


FIFTY  YEARS' 

Practical  Experience. 


C    2 


m^^\ 


1' 


Iron  and  Steel 


Farnley  Iron 


ROLLING    BARS 


Farnley  Bar  Iron  is  used  in 
Mining  for  pit  cages,  suspending 
i^car,  and  other  important  parts, 
and  on  all  the  leading-  Railways 
in  Great  l^ritain,  India,  and  the 
Colonies,  for  shackles  and  other 
\ital  parts  subjected  to  repeated 
shocks. 

Farnley  Iron  will  stretch  cold 
from  Iv  in.  to  2|  in.  in  a  length 
t)f  6  in.  before  fracture,  and  is 
safest  for  welding.       ^^^p^ 


Address:  The  Farnley  Iron  Co.,  Ltd.,  Leeds,  England. 


ON    ADMIRALTY    LIST. 


Telegrams:    "CRANKS.    LINCOLN." 


FOR    GRAIVKS 
&   F0RGIIVGS 
OF    EVERY 
DESeRIPTION 
WRITE   T© 


CLARKE'S 
GRHNK   & 
FORGE    e©., 
LTD.,  LINCOLN, 
ENGLAND. 


J.  H.  '.VILLIA:.I3  t  CO 
Errc'.'.lyr.,  X=\v  "rrk. 


3=r.d  for  Sample  and 
iVrriich  Bock  I  8. 


F.  A.  KEEP,  JUXON  &  Co 


OF    EVERV     DESCRIPTION. 


TANKS 

FOR 

TRANSPORT 
SERVICE. 

MISCELLANEOUS 
IRON-PLATE   and 
CONSTRUCTIONAL 
IRONWORK. 

Forward    iVorks, 

BARN     STREET. 

BIRMINGHAM. 

-iiional  Telephone  :    '.'.'>. 
Ulegrumh:   "  Siructurcn.  lUrmiiinliaiti 


'^"j^mmi  "^ 


Iron  and  Steel 


WALTER    SCOTT,    Ltd., 


LEEDS      STEEL  Tek^rams: 

"   BCSSEMER, 

WORKS     .       .        .  L.:cns.- 


LEEDS,  ENGLAND. 

Manufacturers  of    .     . 

Rolled  Steel 
Joists, 
Channels,  etc. 

Mild  Steet   Blooms,  BiUets, 

Slabs,     Tinbars,      Rounds, 

and  Flats, 

Speciality: 

Tramrails. 

ooks  of  Sections  and  other  infuitnaliou 
on  appiicittioyt. 


RICHARD    DAVIES    &    SONS. 


VICTORIA 

BOLT  AND  NUT 

WORKS, 


I 


BILBERRY 

ST., 

MANCHESTEIt. 


Manufacturers  of  BOLTS,   NUTS,  WASHERS,   RIVETS.  TIE-RODS   IN   IRON    OR  STEEL.     Also   BEST   BRIGHT  FINISHED  NUTS, 
SET  SCREWS,   WASHERS.  &c..  FOR   ENGINEERS  AND  MACHINISTS.    Telegrams:  "HEXAGON,  Mancheater." 


EDWIN     MILLS     &   SON,        HUDDk^RSFiELD. 


ESTABLISHED     1810. 


HYDRAULIC    PRESSES  for  all  purposes 
HYDRAULIC    PRESS   PUMPS      •«     ^* 

Hydraulic    Hoists   and     Lifts. 
Screw    Presses  of  an  descriptions. 


Textile  StufT  &  Finishing  Presses. 
Oil  Presses.  Fibre  Presses. 

Cotton  and  Wool  Presses. 


^ 


Hay  and  Straw  Presses. 
Steam,  Hand,  and  Belt  Driven 

High   Pressure   Pumps. 


Cotton  Balixc^  Press. 
WITH  Bon, 

Tdft'tioiu  No. ;  3.;/. 


Press  antJ  Pump  Leathers  of  Best  Manufacture  always  on  Hand. 


Baling  Press. 


Telegrams:  -OMO,  HUDDERSFIEl.I).' 


A  />'  C  Cotle.  4th  and  5II1  alili.uis. 


IffeS/^DKII 


Bridges 


Derby, 


Handyside 


London! 

A  1.  ABC. 


The  CLEVELAND  BRIDGE  &  ENGINEERING  GO 


NEW   HIOM   LEVEL  BRIDGE    NEWCASTLE-ON.TVNE. 


LIMITED. 

DARLINGTON,  ENGLAND. 


Bridge  Builders  & 
Contractors. 


Annual  output  15,000  tons. 


CONTRACTORS     FOR 


^  LlROeST  8I1I0OE  CONTRACT  SINCE  FORTH   BRIDGE 


The    INew  High  Level    ftridge  over  the  Tyne 
at  Newcastle  for  the  Northeastern  Rly.  Co. 
carrying  four  Railroads,  value  half  a  million. 

SPECIALISTS     IN     DEEP     FOUNDATION    WORK. 


39 


iM^MHlf 


Roofs,  &c. 


^t^  .ML    .lU.  J'J'._  .A'.   -.»-^ 


L..^^::I>:^ 


More  durable  than  iron.  Cheapest  forall  spans  up  to  100  Feet, 


D.   ANDERSON    <S   SON,   Ltd., 


LAGAN     FELT    WORKS.    BELFAST,    and 
FINSBURY     PAVEMENT     HOUSE.     LONDON.     E.G. 


as  Portable  Building  Co.,  Ltd. 


Finsbury  Pavement  House, 

LONDON. 


Buildings 

for  Home 

and 


PLEETWOOD. 


Manchester   Chambers, 

MANCHESTER. 


in  A       riilitary  Quarters,  Kesidences, 

'  Bungalows,  &  Hotel  Buildings. 


Portable, 
Artistic,  and 
Comfortable 

Dwellings. 

SPECIAL    DESIGNS    FOR  ALL    CLIMATES. 

Buildings  Packed  &  Marked  in  Sections 
for  Easy  Transport  &  Erection. 

DELIVERED     F.D.B.    LIVERPOOL,    LONDON,    or    SOUTHAMPTON. 

Estimates,    Designs   £>   Catalogues    Free. 

South  African  Address: 

P.O.     BOX     175    JOHANNESBURG. 


fPJ'Vil  'J  Jiar; 
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Tubes 


Thomas  Piqqott  &  Co..  Ltd.. 


SI'klMi    HILL. 


GAS.  HYDRAULIC  and 
GENERAL  ENGINEERS. 

.*     *    j» 

Gas  Plants  and  Construc- 
tional Ironwork  of  all 
descriptions. 

Columns  Girders,  Castings. 

Welded  and  Rivetted  Steel 
Pipes. 

Stamped  and  Steel  Angle 
Flanges. 

Steel  Chimneys  of  all  sizes 
and  designs. 

Tanks  In  Steel  or  Cast  Iron 
for  Petroleum  &  Water. 

Pans  for  Sugar,  Casssda, 
Ac,  for  all  Markets. 

^     ^     ^ 

London  Office: 

i4,Ci.Si.TH0MAS  APOSTLE 

■*  Atlas,  BirminglLim." 
"  Intersection,  London. 

.1  />  C  and  A I  CoiUs  usi;d. 


Steel  l.nttice  Girder  Bridge,  in  nnesp.in  of  115  feet  10  inche!i.  12  feet  deep,  .ind  13  feet  wide,  erected 

over  the  Iviver  Tenie  at  I.ullow.  :ind  carrying  Welded  Steel  Main  3  feet  6  niches  diameter, 

for  the  Birmingham  Welsh  Water  Scheme. 


THE  WELDLESS  STEEL  TUBE  Co., 


LIMITED. 


ICKNIELD    PORT    ROAD,   BIRMINGHAM. 


fWELCLESS. 

Trade  Mark. 


The  Original  Makers  of 

PATENT    WELDLESS    STEEL    TUBES 


ON     ADMIRALTY     LIST. 
ESTABLISHED     1872. 


For  BOILERS 

HYDRAULIC     PRESSES 
FERRULES 
BORING     RODS 
BUSHES 


SHAFTING 
COUPLINGS  6 
GENERAL 
ENGINEERING 
PURPOSES 
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Tubes 


MANUFACTURERS     OF 

Weldless  Steel 


and 


Iron 
Tubes, 


Steam  Pipes,  Hydraulic 
Tubes,  Boiler  Tubes, 
High  Pressure   .   . 
Steam  Mains, 


/ 


/ 


HOLLOW  FORCINGS. 
COLLARS.  FERRULES, 
BUSHES.  LINERS. 
COUPLINGS.  AXLES. 
PISTON  RODS. 
Etc..  Etc.. 
Quoted  for  on  .  . 
receipt  of  .  .  . 
particulars. 


Tubes 


-  FOR 


Super-heaters 

A  SPECIALITY. 

Contractors  to  the  War  Office 
and  Admiralty. 

Tubes  Limited. 

BIRMINGHAM. 

Nat.  Telephone  No.:  2582.    Telegrams:  "  Cylinders,  Birmingham.** 


Boilers 


THE  STIRLING  COMPANY 
OF  U.S.A. 

The  Original  Manufacturers  of  the 

STIRLING 
"safeTv  BOILER 

THE  MOST  ECONOMICAL  BOILER  ON  THE  MARKET. 

ADAPTED   lor    ANY    KIND   of  FUEL,  and  tor 
either  HAND  or  MECHANICAL  STOKING. 

Specially  suitable  for  Fiiins;  by  Gas 
from  Blast  l-urnaces  or  Producer?,  or 
forutilisingWaste  Heat  from  Heating 
Furnaces.  I  pwardsof  1,400,000  H.H. 
of  our  Boilers  in  operation. 

ESTIMATES      CIVEN       FO^      COMPLETE       BOILER-HOUSE       EQUIPMENTS. 

BRITISH     BRANCH— 

53,  Deansgate  Arcade,  Manchester. 


TKI.fil'HONR   .?o()H 


TeleKrams:    "TUBULOIIS.    MANCHESTER.' 


THE    MORRIN     PATENT 

CLIMAX' WATER  TUBE  BOILER 

600,000  H.P.  in  use. 


LEEDS  CITY  BOILER  WORKS 

{Established  1862.  \ 
a     a     Of*     ADMIRALTY     LIST,     a     a 


Made  in  aU  sizes 
up  10  1,500  H.P. 

Suit.ible  for  .ill  Stcam-misini; 
purposes,  and  all  conditions 
oi  woikmfi. 

Best  disposed  Heating  Sur- 
face for  utilisation  of 
furnace  gases. 

Best  water-circulalingsystcm 
and  steam  superheating 
system  obtamalile. 

Tubes  all  cue  si/e.  and  ex- 
panded into  one  drum  only. 

Economical  in  floor  space. 

Econumical  in  working, 
wlietlier  fired  by  hand  cir 
niechanicallv 

Also  Coal.  Coke,  and  Ash 

Conveying  Plants,  Water 

Softeners,  and  Purifiers. 

Steel  Chimneys.  &c. 

B-R-MiliSCi 

LTD.. 

Clira.>K  Holler  Ulorks, 
REDDISH,    near 
MANCHESTER 


MAKERS  OF 


High-Class 


BOILERS 

To  stand   any  test  or 
pass   any  inspection. 

MAi.i;  in    vni. 

LATEST  IMPROVED 
MACHINERY. 


LO r. don   Office  :  47.   VICTORIA   ST.,   WESTMINSTER.        \ 


VERTICAL    BOILERS 

Always    ia    Stock  and  la  Progreis- 

SPECiALITY.-lii.ilcrs     IllteJ     uith     De..i;hlon  s     F.acnt     con-ugatcj 
h"s  gTvcVi,  per  cent,  increased  heating  surf.ice  over  „rd,nary  Hues.- 

Contractors  for  Roofs  and  all  kinds  of  Structural  Iron  and 
Steel  Work. 
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COCHRAN  BOILERS 

PATENT    VERTICAL     MULTITUBULAR 


AND 


High=Class   Cross    Tube 


n   i 


Supplied   to   all    the 
LEADING 

STEAMSHIP    OWNERS, 

RAILWAY    COMPANIES, 

and    GOVERNMENTS 
throughout    the    World. 


COCHRAN  &  CO.  Annan), 

LIMITED, 

Annan,  Scotland. 


r 


(^Mmm 


Boilers,  &c. 


-<_>v 


JE 


Engineers  and 
Manufacturers  of 


BABCOCK  &  WILCOX  Ltd., 

Patent  Water=Tube  Steam   Boilers. 


OVER   3,900,000    H.P.    IN    USE    IN   ALL    INDUSTRIES. 

The  only  Water-Tubc  Boiler  which  RaincJ  the  ORANO  PRIX 

(HiLihist  Avvardi  at  the  I'arin  Internatiunul    Exiiit>itiiiii.    r.«M). 


Complete   Installations  of  Steam 

Piping  and  Boiler  House  Plants. 


ALSO 


WATER-TUBE  MARINE  BOILERS. 


EyriMAlEi    ASU    PL.IS-^    0.\'    AHPI.ICAIIOS. 


HiiiuijcK  \  Wilcox  Boilrr,  hitpd  with  Sipfrhfatrk. 


Head  Offices  — 

LONDON:  Oriel  House,  Farringdon  St.. 
E.C.  ;   and    Branches. 


A  i-aUublc  treatise  on  "■  Steam  "  and  •'  Ac- 
cessories "  Catalogue  free  on  application, 


■•    WORKS:   RENFREW,  Scotland. 


HerbertWPeriamL" 

f\ooDCATE5^v/oi{K5 
BiRmii^CHAM. 

TELEGRAPHIC   ADDRESS 

■floodgate'  BIRMINGHAM. 

TELEPHONE     N?  373. 

STOCK     250.000     GROSS 


y^ 


—f         ::=. 


"f  * 


y-  v-jp 


-5     ^:    ^  s*:x 
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Brass  Foundry 


and 


Mitton, 


Best  Compound  Pressure  and       MAKERS     OF 

Vacuum  Gautie.    ^o.  9. 

HiaH^CLASS 
FITTINRS  ONLY 

for  Engines  and  Boilers.    t===^ 

Engineers'  Brass  Finishers. 


\-o  ,,,S -compound '-.l.nd  Cock.     WilhL>ckinS 
•^"   ArrangMicnt  :md  A-.he^tos  Packed. 


.•nm  I'res-iure 


Gause.     N'o.  i 


CROWN  BRASS  WORKS, 
OOZELLS  STREET  NORTH, 

BIRMINGHAM. 


■(DJUSTING 


Hydraulic  Gaufte.  With  Maximum 
Hand  and  Lock  and  Key. 


NUT    FOP  ^S 
ADJUSTING  ri 1  ] 

SKETCHED  AS 
UNDER    PRESSURE 


Duples  Test  GauKc    N"-  7- 


Reducing  Valve. 


Strewed  Gland  C.n:k. 
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Wells'  Specialities 


|g=- 


0    THE 

S  -^ 

0 

0 

0 

0  POWERFUL 


'^meiis  tm'^ 


WAILVOFK  *   TFLIS-   FATtSTSi. 


PORTABLE     LIGHT     FROM     OIL 


No.  o.    UiiDp.     wo  Candle-power.    Small  Hand  p.ilRTn          £7  7s. 

1.        Do.      500  or  I  «» Candle-power.     Hand  pattern £10  Os. 

'.,    2.    l.sooor  j.woC.indles.    Useful  and  Port.ible  pattern £15  10s. 

.',    3.    jisoo  or  j.w  C.indles.    Manchester  Ship  Canal  pattern           £16  10s. 

..    "I-    3.500  or  5.000  Cmdlcs.    A  most  poweriul  Lamp             £17  15s. 


Burns  eilhcr  heavy  Wells'  Oil 


Up  to  5,000  Candle  Power. 

K  '«» 

C*     For  ENGINEERS,  CONTRACTORS,  SHIPYARDS.  RAILWAYS,  COLLIERIES, 
il  QUARRIES.    MINES,     HARBOURS.     DOCKS,    etc. 

0  OVER      17,000      SOLD. 

P     Supplied  to  500  British  and  Foreign  Railways. 

d  Adopted  by  26  Governments  and  all  leadinp.  Firms. 

0.  Exclusively  used  by  the  Great  Military  and  Naval  Powers. 

i.  _ 

0  Kettle  Torch  Lamps. 

*?   The  Miner's   Favourite. 

Thousands  Sold. 
Used  cxcIiiMVciv  hv  Uc  Ltci-. 

Kandt  Mini.-s.itc. 
Also  larf'cly  used  by  Con-    -^  . 
tr.K'tors.  Corpor.ilion^ 
Collieries.  &l-. 

Large  Flaming  LIghi . 

No.     |S.    3    Fiiit-i.     li    ill. 

Wick,  4s.  6d.  e:ich. 
No,   ;8.  same   sh.ipe    as 
above,  but  having;  two  Wicks, 
6  Pints,  9s.  each, 


'  :t  the  former  is  very  cheap  and  gives  about 
;t  than  petroleum. 


g 

0 
0 
0 
0 
0 
0 


WELLS'  OIL  CAS 
GENERATING    LAMPS. 

LiSht  from    Kerost-ne  or   pL-trnleuni 

without  Wick,  Smoke,  orSmcM 
;>t  less  th^n   One    fVunv  per  hour. 

/Vr/.v/  Sa/ely. 

Xo  Explosive  Naptha 

tts^d. 

Thonsaiuis  .^ohi. 

f'i:atfeihd  by    Wind. 


A  Splendid 
Lnnip,     fitted 
with  2  in.  Wick. 
5  Pintscapacity 
9s,  each.  Suit- 
able for  Sewcr- 
ngc  and    DrainaRc    W'ork 
Steam  Trawleis.  &c. 


No.  i;.  3  hours 

No.  I2A.  with  Tiipol  13  9 

?^o.  13.  5  hours  14- 

No.  13A.  with  Tripod  17/- 

No.  14.  7  hours  le/- 

No.  14A,  with  Tiipod  19/- 


^^ 


Extra  Burners 
for  above. 
2s.  each. 


Wells' Lightning 

LIME  &  COLOR 

WASHER. 

WALLWORK  kVtUSPATiiaS 


0 
0 
0 
0 
0 

0      One 

0 

0 

8  No 
0 


NO    OUTSIDE     POWER    REQUIRED. 

LIME,    WHITING,  OR    COLO   WATER    PAINTS, 

Applied  at  a  speed   of  from  8   to   10  square  yards 
pep   minute.    In   a  manner  superior   to  brush    work. 

One  .:.).it  with  the  .M..^  lane  r-;L  :■>:,-],    .ur.r,,^,.,  iq,i..l  I',  t-.i"  ^ipphid  with  brushes. 


No. 

No. 


4. 

4A 


Will   save  First   Cost   in   a   Few   Days. 

£8  lOs. 
lOs. 

£7     7s. 


Price,   with  5  ft.  Pole.  SinRle  Spraying  Nozzle,  and 

20  ft.  Special  .Armoured   Hose. 

I'rice.    with    Wheels.  5  ft.  Pole.  SinRle   Spraying        CIO 

Noz/le.  and  20  it.  Special  Armoured  Hose.  *  1  vj 

Same  capacity  as  No.  1  Machine* 


A.   C.   WELLS    6    Co.. 
g  100a,    Midland    Road,    St.     Pancras, 


8_ 


Works  :  Cheetham,  Manchester. 


LONDON,  N.W. 


/ 


0 
0 

0 
0 
0 

0 


■■^»#fc»»  »<»»p»^^>f^»^^^y^^»^^^f^fttl. 
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Packings 


Is'sr  METALLIC  PACKING 


IN     THE     WORLD. 


OVER    130,000    FITTED 

TO    ALL    TYPES    OF    ENGINES    IN    EUROPE,    ASIA. 
AFRICA,    AND    AMERICA. 


Supplied  to  the  British,  United  States,  Dutch,  Spanish, 
Japanese,  6c..  Navies.  Friction  Decreased.  Power  and 
Fuel     Saved.  Vacuum     Improved.  Automatic     Self- 

Adjusting.     Steam  Setting.     Entirely  Metallic. 


United  States  Metallic  Packing 


CO.,    LTD.. 


Tek-giams:  Metallii:.  Bradford, 
Telephone  No.;  604. 


BRADFORD. 


Also   MaKers   of 


THE  BRADFO 
PORTABLE 


'"  Power  DriH  &  Reamer. 


AIR    COMPRESSORS    and    PNEUMATIC    HAMMERS. 
PNEUMATIC    HOISTS.      PNEUMATIC    PAINTERS. 
PNEUMATIC    RIVETERS,    c&c,    6c. 


OVER       3,000,000       H.P.       FITTED 


Correspondence    invited. 


COMBINATION 
METALLIC 

PACKING 


THE 


COMBINATION     METALLIC     PACKING 


GATESHEAD=ON=TYNE. 


CO..   LTD.. 


^ ^ Or 


Packings,  &c. 


The    i< 


LANCASTER" 

JR.T.MC. 

PATENT  ... 

METALLIC  PACKING 

Supplied     to    British    and     rorcign 
Navies  and  all  Principal  Engineers. 

CAN    BE    TIGHTENED    UP    IN    A    FEW    MINUTES. 

WORKING   ENGINEERS   PREFER  THEM   TO  ALL  OTHERS. 

Save  60  per   cent,   of   Friction    over 

best  Asbestos    Packing.      Need    not 

the  slightest  attention. 


WRITE      FOR      FULL      PARTICULARS       TO- 

¥  i.  ei>   T^  ¥    i.  J       StcamCrap,  Steam  Drvcr.&PiMonmakcrs, 

Lfancaster  o    i  Onge,  Ltia.  Pcndieton.  Manchester. 


Waygood  &  Otis, 


LTD.. 


LIFT    MAKERS, 

XV  Srccml  Bwomtnicnt  to  Ib./IR.  tbc  11<nui. 


i  Hi 


i&Q 


.    IT    F,-.    Ill         .-^nsissi^i-'^— 


Electric,  Hydraulic,  Belt  Driven,   Hand 

LIFTS   &  CRANES. 

Falmouth    Rd..   LONDON,    S.E.. 

4,    QUEEN    VICTORIA    STREET.    E.C. 


BALL    BEARINGS 


For  Crane  Hoots 
Crane  Posts, 
Worm 

Gearing, 
Turntables, 
Turbine 

Shafts, 
Propeller 

Shafts, 
Etc. 


.11'.'    .1/.1I..IS.1/ 

ROLLER 

BEARINGS. 
STEl-L  nnd 

METAL 

BALLS, 
and  BriKht. 

Accurately 

Finished 

NUTS. 


TheAiitoMacliiiieryCcU'' 


COVENTRY. 
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BmM.n 


Lubrication 


4i 


VACUUM"    WASTE    OIL    FILTERS     (Patent). 


SAVE     INITIAL    OUTLAY     IN     A    SHORT    TIME. 

I'nccs  Iroiii  37s.  6d,  I"  £21  e.ich.  with  hlttiiiii;  cap.icitics,  v;irym,^  u-'m  z  ■^:\.\\"u^  per  weeh  l"  ' "'  .^.iIImd-s 
Lnrjiely  adopted  by  jias  (jnj:;ine  and  other  niachintTv  users.     Invaluable  fur  Electric  Lighting  Stations,     '"nil  [ 


per  day 

.irticulars 


Closed. 


"B"  TYPE 
PATENT  FILTER. 


"    ■!>    "    C 

mi 

—  « 


(U   s   P    -- 


=  51-51 

..^  5  S  o  S 


(0 

■o 


u 


•o 


a 
in 


a 
a 


.     I  In  three  ty 
on  application- 
Open. 


pes.) 
, — also  of  our 


VACUUM    OIL  COMPANY.  LJ°-  Norfolk  Street,  LONDON,  W.C 


'S 


SEAMLESS 
OIL  CANS. 


It  is  more  than  tliirty  years  since  Mr.  Joseph  Kaj  e.  the 
senior  partner  in  this  concern,  first  obtained  letters 
patent  for  improvements  in  oil  cans.  The  Krm  now 
controls  no  fewer  than  twenty  patents  for  such  improve- 
ments. Their  Seamless  Oil  Can.  with  Seamless  Spout, 
new  Valve  and  Spout  Attachment  and  Valve  Thumb 
Itutttm.  reaches  the  acme  of  perfection,  no  enj^ine-room 
bein)4  completely  equipped  without  it.  Made  also  in 
copper  or  brass  for  electrical  purposes. 


losepb  Have  ^  Sons,  Ctl, 

LOCK  WORKS,  LEEDS,  and 

93,  HIGH  HOLBORN,  LONDON,  W.C. 


j^%Mm\ 


Lubricators,  &c. 


MOSSES  &  MITCHELL'S 

Genuine  Vulcanized  Fibre 

SHEETS. 
TUBES. 
RODS. 

INSULATORS. 
VALVES. 

WASHERS. 

STAPLES. 


. PATENT      . 

LUBRICATORS,  OIL  CONDUCTORS, 

GREASE    CUPS. 


FINEST 


QUALITY. 


WRITE    FOR    PAMPHLET    AND    PRICES. 

MOSSES    &    MITCHELL, 

70-71,  CHISWELL  STREET,  LONDON,  E.G. 


_9  -5 

32  16 


8  16  2 

Cast  Steel  and    Phosphor  Bronze 

Send     for     new     catalogue 


TEALE  6  CO.,  Birmingham. 


W.H.WILLCOXdJCo.,Ltd.    « 


23,  34  and  36,  SouthwarK  Street,  LONDON. 

PENBERTHY    PATENT    INJECTOR 


For  ALL  Boilers. 

OVER     230,000 


Acknowledged  the  best  for  Traction 
Engines,  &c. 

IN    USE. 

HANDLES    HOT    WATER.  Will  Deliver  at  Boiling  Point. 

Worhs  on  High  and  Low  Pressures. 
AUTOMATIC  and   RESTARTING.  Lifts  up  to  22  ft. 

IN     3     STYLES     AND     16    DIFFERENT     SIZES 


(i 


ASHTON'8 


SIQHT- 


LUBRICATORS 


Never  fail.       Thousands  Sold, 

SENT    FOR    ONE    MONTH'S    FREE    TRIAL.     


Size 


Pints. 


AsK  for  List  36 


Price      36/-  39-  45-  "7S/-  iiO-    each. 

Do  not  confuse  this  with  the  cheap,  unfinished,  American  make. 

.   THOMAS   A.   ASHTON,    Ltd.,  Norfolk   Street,  Sheffield. 


Safes,  &c. 


CHyg 


.af¥s 


AFFORD  THE 

BEST 

PROTECTION 

AGAINST 


FIRE  AND  BURGLARS. 

CHUBB  &  SON'S 

Lock  &  Safe  Company,  Ltd., 

128.  ODEEN  VICTORIA  ST..  LONDON,  E.C.. 
And  at  Manchester,  Liverpool,  and  Glasgow, 


Works:— LONDON  and  WOLVERHAMPTON. 


JOHN  SWAIN  6  SON,  Limited. 

PHOTO-ENGRAVERS  IN  HALF-TONE  AND  LINE. 


MACHINERY 
RE  PRODUCED    IN 
HIGHLY    FINISHED 
STYLE   FOR 
ENGINEERS'  AND 
MANUFACTURERS' 
CATALOGUES. 


WOOD    ENGRAVERS  AND  ART  REPRODUCERS  by  all   the  Latest   Methods. 

58    FARRINGDON    STREET,    LONDON.    E.G. 


Three-colour  Process    a  Speciality. 

West    End   Offices  : 

163a.  STRAND.   W.C. 


"White  Ant"  Metal 


Phosphor j  • 
Bronze 
Co.,  Ltd.  I 

I 


(EQUAL    TO     BEST    MAUNOLIA    METAL) 

s  the  Cheapest  and    Most   Reliable   of 
White  Anti-Friction  Alloys. 


(Incorporated  1874), 


PLASTIC    METAL. 

(■■(Jij.i!  Wliccl'  Braiul.) 

PHOSPHOR"    WHITE 
LINING   METAL 

l-;ilii,il   I"   Wliilc   ilr.i>,-,   Xu.  2.) 


BABBITTS    METAL 

("Vuk.m"   lir.md.)     Suvtii   Grades. 


WHITE   ANT" 
SOUTHWARK,    I  BRONZE. 

■  I  Superior  to  FeiU.ms  Metal.) 

LONDON,  S.E.,  1  3j 

See    Next     Month's     Advt. 
And  at  BIRMINCiHA.M.       _  for    Phosphor    Bronze 

I  Alloys. 


Will    Not    Suffice 


for    the    production    of   Effective  Printing, 
unless    there    be    added 


Ideas     Art     Experience 


We  are  able  to  throw  these  essentials  into 
every  Catalogue  or  Circular  undertaken, 
and  thus  assist  \-ou  to  arrest  the  attention 
of  your    public. 


SouTHWooD,  Smith  «s  Co.,  Ltd., 

Plough  Court,  Fetter   Lane, 
LONDON,  E.G. 


Tcleplione  No.  504  HoLBORN. 
Telegr.ims :  "Sol'thekxwood,  London." 


jhMMmi 


Pans,  &c. 


"SIROCCO" 

Centrifugal 


Fans 


SIROCCO"   FANS    FOR  S.S.     ■CELTIC 


VENTILATION 
PORCED    DRAUGHT 
INDUCED  DRAUGHT 
HEATING, 
COOLING, 
DRYING. 
REERIGERATION, 
DUST   REMOVAL, 
FORGE  f  IRES,  Ml,  lie. 


3Lso  "Sirocco"  Propeller  fans,  f^urnace  l~ronLs,  tngines,  etc. 


Ilustrated    and    Descriptive    Pamphlets 
on    Application  -*  -f  •*  •* 


DAVIDSON   {3  CO.,  Ltd.,  \ 

'""••"=  T.Sr/e!;r»=,lVA'''=^"=''*    "Sirocco"  Engineering  WorKs,  BELFAST 


»> 


"  STANDARD 

EXHAUSTERS.  ^     -.J^E 

BLOWERS. 

FANS, 


Write   for   Prices   and    Particulars   to 

THE  STANDARD  ENGINEERING  CO.,  LTD., 

LEICESTER. 


431  WiLFLEY  Tables 


L 


Mavc  been  instullcd  by  the.  .  . 
ANACONDA  COPPI:R  COMPANY, 
and  arc  now  in   use  at  that  mine 


If  you  are  In  the  murkrt  for 
CONCENTRATING  MACHINHRY. 
5end  for  particulars  of  the  No.  4 
WILFLKY  TABLH.  to  be  obtained 
of  the   Sole    Proprietors:  — 


THE  WILFLEY  ORE    CONCENTRATOR 
SYNDICATE,   Ltd., 

7-11,  Moorgate  Street,  London,  E.C. 

Tclcgrapliic  Address  ;  "Wrathless.  LONDON." 

Telephone  No. :  1652  LONDON  WALL. 

Codes  used  :   BEDFORn    McNkh.L  ;  A.  B.  C.  ;    MoRKINO  S;  NtAL, 

(jKNKKAL. 

More  than  4,000  Wilfleys  have  been  sold. 
Upwards  of  600  mines  are  using  our  Concentrator. 


BAYLISS,  JONES  &BAYLISSJ 

WOLVERHAMPTON 

LONPON  SHOW  rooms:-  ^ 

ISa&IA'l  CANNON  STE.C.       - 


5^^"- 


CATALOGUES 
FREC. 


■^         of    IRON 

FENCING,    p- 

GATES,    &c.  » 


1- 


And 
All  Kinds  of 

RAILWAY 

and 

TRAIVI\VAY 

FASTENINGS, 

Galvanized  Telegraph  Poles,  &c. 
Also  Mfrs.  o-f  the 
"EUREKA"     LOCK- 
NUT.  _^^^-^ 
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Addy,  George,  &  Co 
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Brown  Bayley's  Steel  Works,  Ltd. 
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BLACKMAN  ELECTRIC  FANS 

(Or  Belt  Driven) 

FOR  VENTILATING. 

OVER  60,000  IN  USE. 

MOST  CONVENIENT 
EFFICIENT,  & 
ECONOMICAL. 


GOLD    MEDAL 

PARIS,    1900. 


JAMES  KEITH  &  BLACKMAN  CO. 


Ltd.. 


27. 


Specialists  in  I)(atlng.  Ucntilating 
and  Biqh  Pressure  Bas  Cishtina. 
Farringdon    Avenue. 


LONDON,     E.G., 

And   BRANCHES. 

■acrk^i  HOLLOWAY,    N. 
Hcundriesi    ARBROATH. 


^"§MWi\f 


Ventilation 


MATTHEWS  &  YATES,  Ltd., 

^ Swinton,    MANCHESTER. 

Alternating 
Current   Fans 

Any   SIZE   .    .   . 

Any  VOLTAGE 

Any  PERIODICITY. 

«».«« 

INDUCTION      MOTORS. 


.iSir  A« 

Send    for    Catalogue    of    other    Specialities. 


These  Fans,  having  no  rubbing  parts  for 

electrical   contact,    and    being    fitted    with 

oil    ring   bearings,   ivill    run    for    months 

without  attention. 


Mmi  rjE 


^j  yed  forlBidraiDa§e  of  EaSTBOURME 

Bombay,  RANGoori,5ouTrTAMPToN,  i 

;  G\PBTOWli  and  many  ottTer  Tovjnj. 

,(pnpRCSSEDAlRlirT3^ 

for  rcijing  water  from  WELLS,  BoREtloLEStc. 

(IirCo«™gH«i 


m^ifima 


estimates  c  Parlicutors  "n  applicdlioh. 
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GRIFFIN'S    METALLURGICAL   SERIES. 


jrST  OIT.  Fifth  Edition.  thoroii.i{lily  Revised  .ind  Considerably 
■Enlarged.  With  numerous  Illustration  ;ind  Micro-Plioto^raphic 
Plates.     18s. 

AN  INTRODUCTION  TO  THE 
STUDY  OF  METALLURGY. 

liy  tiK-   I..itf  ^fR   W.  K'l)r,KKI>    \l  MIA,    K.-..!;.   \>i    I..,    1-  li  S. 

General  Contexts.— The  Relation  ot  Mctalluruy  lo  Chemistry.— 
Physical  Properties  oC  Metals.  Alloys. — Thermal  Treatment —KiicI  and 
Thermal  Measurements,— Meta1Uir>;ical  Processes. — Furnaces.— Means  of 
Supplyini;  Air  to  Furnaces, — Thcrmo-Chemislry.— Typical  Processes. — 
Micro- Structure  of  Metals  and  .Mloy>. —  Economic  Considerations. 

"  Xo  EnfiUsh  IcxtbCKik  at  all  approaches  this  in  the  completkxkss  with 
which  the  niost  modern  views  on  the  subject  are  dealt  witii.'''— Chemical 


KoiRTH  Er>lTiri\.  Revised.  Considerably  Enlarged,  and  in  Part  Rcwrillon. 
\V   ■      I         :i-^pii..e  an<l  numerous  IIlii-.lr.itioii^.     21s. 

THE  METALLURGY  OF  GOLD. 

l;y    f.    KlKKli  l;u.-:l..    l'.  =  ..l.    :.a  ,  .\Liu..I;.S..M. 
the  Kuyal  .Mint. 


'■  .\  COMPREHKNSIVE  I'KACTICAI.  TRKATISE  on    this   impor[;uit   subject."*— 

Tilt  Times. 


In  Two  V..I1MIKS.  l-.ilIi  Complili  in  itself,  .md  Sold  Sep.ir.->telv. 

THE  WETALLURCY  OF 

LEAD  AND  SILVER. 

By  H.  F.  COLLINS.  Assiu.U.SM  .  M.ln-.t.M  ^L 

Papt  I.— LEAD.     Price  16s. 

.\  Trc:iliscon  the  ^L^^uf;lCtule  of  Lead,  with  Scitioiis  on  Smelt  nK  and 
Uesilverisation. and  Cii.Tp:ers  on  llie  .\ssny  and  Analysisol  the  Materials 
involved. 

Part  II.    SILVER.     Price   16s. 

Tlie  Sources  and  Treatnu-nt  c.i  silver  I  ln-s.  tojielhcr  \vith;Dcscripl'ons  of 
Plant,  Machinery,  and  Proccss.s  of  Manut.uture,  Uelining  of  Bullion.  Cost 
of  Workiiivi.  etc. 

•■  The  auihor  has  focussed  A  lari.e  amoixt  of  vauaiii-E  ixfokjiatiox 
info  a  convenient  form.  .  .  The  author  has  evidently  considerable 
practical  experience,  and  describes  the  various  processes  clearly  and  well." 

Mimltii  Jotiitial. 


SKcOMi  Klinlus.     Revised  and  Illnslralcd.     Price 


I6s. 


THE  METALLURGY  OF  IRON. 

By  THOJIAS  TURNER,  As-oc.R.S.M..  I'M C,  Professor  of  Metallurgy. 
Birmingham  University. 

Geserai.  Contexts.— History.— The  Age  of  Steel,— Iron  Ores. —Prepa- 
ration III  urcs  —The  liList  I'urnace  — Si.i(!s  and  I'lu.vcs— Cast  Iron — 
Foundry  Pr.aclice.--Wrought  Iron.— Tne  Puddling  Process —Further 
Treatment  oi  Wrought  Iron, — Corrosion. 

"  This  is  a  DELKJUTEfL  BOOK,  giving,  as  it  does,  reliable  information  on 
a  subject  Dooming  every  day  more  elaborate."- CiJ/ZkO'  <'iiaraian. 


LONDON:  CHARLES  GRIFFIN  &  CO.,  LTD.,  EXETER  STREET,  STRAND. 
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THE    RELATIVE    IMPORTANCE    OF  OFFENSIVE   AND 
DEFENSIVE  QUALITIES  IN  MEN-OF-WAR. 


SIR    WILLIA^r     LAIRD    CLOWES. 

In  view  iif  the  projjressive  naval  policy  which  is  now  before  the  country  and  the  prospect  of  a 
large  expenditure  on  further  additions  to  the  British  Xavy,  it  seemed  an  opportune  time  to  invite 
Sir  William  Laird  Clowes — one  01  the  leading  naval  experts  of  the  day — to  criticise  the  present 
tendencies  of  battleship  construction,  and  we  trust  that  the  following  article  will  stimulate  the 
interest  in  naval  matters  which  we  have  reason  to  believe  is  felt  by  the  majority  of  our  readers.  For 
the  excellent  series  of  views  show'ing  the  various  stages  in  the  construction  of  a  modern  battleship, 
we  are  indebted  to  the  Thames  Iron  Works,  Shipbuilding  and  Engineering  Company,  Limited. 

Other  articles  on  kindred  subjects  which  have  appeared  in  Page's  Ma(;azi.\e,  are  :  "  The 
Gun  versus  the  Armour  Plate"  {October,  iyo2|,  and  "The  Distribution  of  Guns  in  Battleships" 
((anuary,  1903). — Ed. 


TN  the  old  clays,  when  a  war  broke  out 
between  England  and  France,  the  opera- 
tions of  British  seamen  during  the  earlier  part 
of  the  campaign  were  usually  handicapped 
by  the  inferiority  of  the  vessels  in  which  they 


were  sent  to  sea.  British  warships  of  those 
times  were  almost  invariably  worse  sailers  than 
French  warshijis  of  corresponding  size,  class, 
and  armament.  No  doubt  the  British  vessels 
possessed,    or    were    alleged    to    possess,  some 
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compensating  advantages;  but  tliose  advantages, 
no  matter  what  they  may  have  been,  were  soon 
realised  to  be  of  subsidiary  importance.  The 
result  was  that  after  a  few  years  of  hostilities 
our  best  ships  were  either  captures  from  France, 
or  craft  built  after  French  models.  This  sort 
of  thing  happened  during  every  long  French 
war  between  1688  and  1815  ;  \'et.  in  spite  of 
what  occurred  with  such  unlailing  regularity. 
we  generally  reverted,  after  a  peace,  to  our  old 
methods  of  construction,  and  built  more  indif- 
ferent sailers,  until  a  fresh  war  reminded  us  that 
speed  was  still  a  factor  of  prime  importance, 
and  that  we  had  forgotten  a  lesson  which  we 
ought  to  have  learnt  once  and  for  ever. 

AMth  regard  to  another  important  factor  in 
naval    warfare,    we    underwent    a    similar    un- 
pleasant awakening  in  the  years  following  181 1, 
when  we  fell  out  with  our  American  cousins. 
They  had  a  navy  which  was  ridiculous  numeri- 
call}'.     It  was  not  more  than  one-fifteenth  or 
one-twentieth  of  the  size  of  the  British  Navy, 
which  ought  to  have  annihilated  it.  or  swept  it 
from  the  seas  in  six  months.     It  is  no  exaggera- 
tion to  say  that,  before  the  outbreak  of  the  war. 
British  naval  officers,  possibly  with  one  or  two 
exceptions,  and  certainly  the  whole  of  the  British 
press,    considered    that   for   the   United   States 
single-handed    to    try    conclusions    with    Great 
Britain  at  sea  would  be  the  height  of  impertinent 
folh"  ;    and  the  majority  of  thinking  Americans, 
I   am   sure,   believed   that   their  chances  were 
utterly  hopeless.     But  among  the  early  leaders 
of  the  \-oung  nation  across  the  Atlantic  were 
some    ingenious    and    far-sighted    men.     They 
could  not,  they  knew,  create  a  big  na\-\-  in  those 
days,  but  they  determined  that  although  they 
could  not  have  many  shijis  they  would  have 
better   ones,    class    for   class,    than    any    other 
Power. 

They  decided  that  the  factor  in  which  it  would 
be  most  advantageous  for  their  ships  to  excel 
was  the  factor  of  gun-power.  Accordingly,  they 
built  and  sent  to  sea  frigates  which  were  more 
heavily  armed  than  the  corresiionding  frigates 


of  Great  Britain  ;  and.  moreover,  they  made  a 
great  jioint  of  training  their  officers  and  men  to  a 
high  state  of  efficiency  in  the  practice  of  gunnery. 
At  the  same  time,  they  saw  to  it  that  their 
ships  should  be  good  sailers.  The  result  of  all 
this  was  that,  in  spite  of  its  immense  numerical 
sujjeriority,  the  British  Navy  lost  frigate 
after  frigate  when  our  vessels  of  that  rating 
were  pitted  against  American  vessels  of  the 
heavily  armed  type.  Ere  we  were  able  to  set 
matters  right  we  had  been  obliged  formally  to 
forbid  our  more  lightly  gunned  frigates  to 
engage  the  crack  American  craft,  and  had  even 
found  it  necessary  to  direct  our  captains  to  flee 
from  the  enemv.  In  the  meantime  we  cut  down 
ships  of  the  line,  and  sent  them  to  sea  rated  as 
frigates,  in  hopes  of  being  able  with  them  to 
stem  the  tide  of  ignominious  defeat. 

QUALITIES    OF    THE     IDEAL    FIGHTING    SHIP. 

In  the  cases  to  which  I  have  called  attention, 
speed  and  gun-power  were  valuable,  because 
they  were  offensive  factors  for  the  absence  or 
deficiency  of  which  the  presence  of  no  other 
material  factors  could  fully  compensate.  What 
they  were  then  they  still  are — the  prime^.  essen- 
tials in  a  ship  which  is  designed  for  the  work  of 
fighting.  They  are  the  leading  and  the  indis- 
pensable offensive  qualities. 

I  do  not.  of  course,  assert  that  they  are  the 
only  offensive  qualities  which  it  is  desirable  to 
embody  in  the  modern  warship.  Coal-carrying 
capacitv  is  another  desirable  offensive  quahty. 
Ammunition-carrying  capacity  is  yet  another. 
Ability  to  use  her  guns  under  all  conditions  of 
weather  is  also  a  valuable  offensive  quality. 
So  is  sea-worthiness.  So  is  security  as  a  floating 
platform,  after  that  platform  has  been  damaged 
locallv  by  shot,  shell,  or  torpedo.  So  is 
habitabilitv  ;  for  without  moderately  dry  and 
comfortable  quarters  a  crew  cannot  be  kept  in 
health  and  strength.  Even  armour  itself, 
though  mainly  a  defensive  factor,  is  to  some 
slight  extent  an  offensive  one  as  well.  These 
are    factors,   all   oi   which   would   be    found    in 


FIG.    I.       THE    BLMLDING    OF  A    HATTLKSHIP. 

This    photograph  is  a  good  illustralion  oi    the  staging  arrangements  which  surround   the   ship, 
so  that  the^vo^kmen  may  get  at  the  sides  of  the  vessel.    The  details  of  the  keel  blocks  are  shown 

in  the  immediate  foreground. 
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perfection  in  tlie  ideal  ligliling  ship.  Bui  we  liave 
to  admit  that  the  ideal  fighting  ship  is  unattain- 
able, and  must  ever  remain  so.  Considerations 
of  e.xpense,  dimensions,  draught  of  water,  and 
decentralisation  stej)  in  ;  and  we  have  to 
content  ourselves  with  a  compromise.  When  we 
are  obliged,  however,  to  sacrifice  part  of  some 
factor  which  would  find  full  development  in 
the  ideal  fighting  ship,  do  we  always  select  a 
factor  which  is  one  of  the  least  important  ? 
When  we  are  driven  to  compromise,  do  we 
always  retain  as  much  as  possible  of  the  really 
essential  ? 

I  confess  that  I  do  not  think  that  in  our  Xa\\- 
these  questions  have  hitherto  secured  the 
attention  which  they  deserve. 

A     PERSONAL     MATTER. 

Before  I  proceed  lurtlier,  I  want  to  clear  the 
ground  from  certain  obstructions  of  a  personal 
nature,  which  hitherto  ha\-e  been  allowed  to 
prejudice  and  confuse  any  adequate  discussion 
of  the  subject.  In  December  last,  within  the 
Dmpass  of  the  very  limited  space  which  could 
he  spared  me  in  a  single  issue  of  the  Standard 
newspaper,  I  ventured  to  point  out,  as  a  fact. 
that,  as  regards  those  qualities  which  I  have 
characterised  as  the  leading  and  indispensable 
offensive  qualities  in  a  fighting  ship,  many  recent 
British  vessels  are  inferior  to  foreign  vessels  of 
corresponding  types,  sizes,  and  classes.  I  had  little 
or  no  room  wherein  to  argue,  or  to  give  reasons 
for  the  faith  that  was  in  me.  I  had  to  set  out 
my  facts  in  a  couple  of  columns  :  and.  in  con- 
-equence,  I  could  only  set  them  out  broadh- 
and  baldly.  This  brought  down  upon  me  Sir 
W.  H.  White,  the  late  Chief  Constructor,  who, 
in  the  course  of  three  long  articles  contributed 
in  reply,  not  to  the  Standard,  but  to  the  Times, 
elected  to  assume  that  in  some  way  or  other  I 
had  made  a  covert  attack  on  him. 

I  have  the  greatest  admiration  for  Sir  William 
White's  brilliant  abilities,  and  for  the  immense 
services  which  he  has  rendered  to  the  countrv 
b\-  practically  re-creating  its  fleet;  and,  knowing 


as  I  do,  that  tlie  Chief  Constructor  is  in  reality 
allowed  to  ha\e  only  a  small  part  in  the  forma- 
tion of  the  decision  which  dictates  the  nature 
of  the  compromise  to  be  effected  in  the  designing 
ol  a  British  warship.  I  am  well  aware  that  the 
broad  |M-incii)les  governing  the  tyjies.  gunning, 
speed,  and  armouring  of  recent  fighting  .craft 
for  the  Royal  Navy  represent  the  conclusions 
of  the  Board  of  Admiralty  quite  as  much  as.  and 
perhaps  more  than,  they  represent  theconclusions 
of  the  Chief  Constructor. 

Ne\-ertheless,  for  the  sake  of  con\-cnience, 
I  did  refer  to  "  Sir  William  White's  ships," 
and  to  a  building  policy  which  has  come  to  be 
associated  with  his  name :  for,  of  course, 
seeing  that  there  were  many  changes  at  the 
Admiralty  during  Sir  William's  long  and 
\aluable  tenure  of  the  Chief  Constructorship, 
there  is  no  name  so  convenient  as  his  for  associa- 
tion with  the  general  trend  of  building  policy 
which  was  followed  during  the  greater  part  of 
that  period.  Still,  unless  Sir  William  White 
desires  it  to  be  understood  that  he  managed  to 
override  the  views  of  successive  Boards  and 
successive  Controllers,  and  persisted  in  under- 
gunning  and  under-engining  British  ships  of 
war  (which  I  take  to  be  absurd),  he  has,  I 
submit,  no  justification  for  regarding  the  article 
in  the  Standard  as  in  any  sense  an  attack  on 
him.  In  that  article,  moreover,  I  did  not 
attenijjt  to  burke  the  acknowledged  fact  that 
it  is  not  generalh-  open  to  a  Chief  Constructor 
to  carry  out  all  his  own  theories,  no  matter  how 
sound  they  may  be.  On  the  contrary,  I  ven- 
tured to  apjieal  for  jiopular  support  for  the  new 
Chief  Constructor,  in  case  he  should  endeavour, 
while  at  the  Admiralty,  to  carry  out  the  same 
broad  principles  of  warship  designing  as  he  has 
carried  out.  with.  I  think,  conspicuous  success 
at  Elswick  lor  many  years  past.  There  is  thus 
no  personal  question  at  issue  :  and  it  was 
entirely  beside  the  mark  for  Sir  William  White 
to  assure  his  readers,  as  he  did  assure  them, 
that,  if  only  the  Board  had  desired  it,  he  could 
have  mounted  more,  or  heaV-ier  guns  in  the 
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Terrible,  or  given  some  other  cruiser  an  extra 
knot  of  speed.     Nobody  doubts  it. 

The  points  under  discussion  are,  indeed,  not 
shipbuilding  questions,  but  strategical  and 
tactical  ones.  1  trust  that  it  will  not  again 
occur  to  Sir  William  White,  or  any  one  else, 
to  drag  the  personal  red-herring  across  the 
track,  and  so  confuse  the  scent. 

DISPOSAL     OF     ARMOUR. 

Let  me  now  <;\amine  in  briet  the  various 
desirable  qualities  which  would  be  found,  all  in 
gieat  perfection,  in  tlie  ideal  man-of-war.  I 
will  begin  with  those  which  are  mainly  defensive  ; 
and  of  those  the  tirst  is  armour. 


.\rniour,  especially  external  armour,  which 
is  capable  of  causing  all,  except  perhaps  the  very 
heaviest  shells  to  burst  outside  the  ship  to 
which  it  is  applied,  is  a  most  valuable  defensive 
factor.  I'sed  very  liberally,  indeed,  it  may 
afford  an  e.xtraordinary  amount  of  protection 
not  only  to  the  man  behind  the  gun,  but  also  to 
the  fabric  of  the  vessel.  But,  in  practice,  it 
cannot  be  used  very  liberally.  If  it  has  great 
superficial  area,  it  must  be,  at  least  in  most 
places,  relatively  thin.  If  much  of  it  be  thick, 
the  superficial  area  must  be  relatively  small. 
It  is  most  difficult,  without  overweighting  an 
ironclad,  to  give  her  armour  at  once  so  thick 
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and  so  extensive  as  to  render  lier  everywhere 
invulnerable  to  comparatively  li^ht  projectiles. 
If  you  concentrate  and  thicken  the  armour 
over  particular  parts,  you  leave  other  parts  so 
vulnerable  and  extensive  that  any  general 
piercing  of  them  may  imperil  the  safety  of  the 
vessel.  As  lor  heavy  armour,  which  is  not 
purely  external,  its  presence  is  possibly-  even  more 
dangerous  than  its  absence  would  be.  Heavily 
armoured  barbettes,  shot-hoists,  and  internal 
bulkheads  may  cause  big  shells,  which  otlierwise 
might  pass  through  without  bursting,  to  burst 
within  the  hull,  and  so  do  a  maximum  of  damage, 
if  not  to  the  fabric,  at  least  to  the  crew. 
Armour,  therefore,  may  have  positive  disadvan- 
tages as  well  as  advantages.  Its  great  weight 
requires  that,   if  it  be  at  all  freely  employed. 


enormous  sacriliccs  of  other  weights  must  be 
made.  The  other  great  w-eights  of  a  shiji  are 
engines,  guns,  coal,  and  ammunition.  They  are 
all,  in  various  degrees,  offensive  weights.  In 
]>roportion  as  you  sacrifice  them,  you  sacrifice 
offensive  power  ;  and,  surely,  that  is  the  last 
factor  which  ought  to  be  sacrificed  in  a,  man- 
of-war. 

Yet,  it  will  be  urged,  we  must  ])Ut  armour 
upon  certain  classes  of  fighting  vessels. 
Undoubtedly  we  must.  Battleships  and  large 
armoured  cruisers  owe  their  fitness  for  the  line 
of  liattle  not  only  to  the  formidable  character 
of  their  offensive  armament,  but  also  to  the  fact 
that  they  carry  so  much  external  armour  as  will 
protect  the  people  at  the  batteries  and  elsewhere 
from  the  effects  of  the  fire  of  small  and  medium 
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gims.  That  amount  o!  aiinour.  however,  does 
not  constitute  an  overwhelniintj  liurden  for  a 
big  shiji  to  carrj-.  A  craft  of  14,000  or  16.000 
tons  displacement  can  have  practically  the 
whole  of  her  hull  armoured  with  ()-iu.  Kru|ip 
steel,  and  still  retain  enough  buoyancy  to  allow 
of  her  carrying  very  powerful  engines,  an 
ample  armament,  and  plenty  of  coal.  It 
is  when  immense  barbettes,  heavy  arma- 
ment, plenty  of  ammunition  and  of  12-in. 
or  14-in.  armour,  supplementary  turrets. 
massive  gun  hoods,  huge  conning-towers.  heavily 
armoured  ammunition-hoists,  and  a  multipli- 
cation of  thick  internal  bulkheads  are  intro- 
duced as  well,  that  the  defensive  features  of  a 
ship  assume  undue  jiredominance.  and  prejudice 
the  offensive  value  of  the  craft.  Besides,  it  is 
vain  and  useless  thus  to  jiile  on  armour.  Any 
battleship  in  existence  can  be  put  out  of  action, 
if  not  actually  destroyed,  by  gun-fire  alone, 
and  j-et  all  her  heaviest  armour  may  remain 
absolutely  intact.  Even  if  we  pile  on  all  the 
armour  that  a  ship  can  carry,  and  if  we  sacrifice 
offensive  qualities  entirelv,  we  can  secure  only  a 
relative  degree  of  protection. 

This  being  the  case,  what  is  the  proper 
policy  to  be  pursued  with  regard  to  the  armour- 
ing of  big  ships  ? 

Do  what  we  mav.  we  cannot  hope  to  keep 
out  every  projectile.  Very  big  shells,  impinging 
at  favourable  ranges  and  angles,  will  always 
find  a  way  in,  no  matter  the  weight  of  our 
armour.  But  it  has  been  calculated  that  in 
actions  in  which  battleships  and  armoured 
cruisers  of  e.xisting  tvpes  take  part,  out  of  every 
forty-one  projectiles  discharged,  thirty  will  be 
small,  ten  will  be  of  medium  calibre,  and  Inil 
one  will  be  of  so  heavy  a  nature  as  to  be  a  serious 
menace  to  modern  6-in.  armour.  This  calcula- 
tion omits  from  consideration  every  projectile  of 
less  than  3in.  calibre,  and  assumes  that  the 
fighting  of  the  future,  so  far  as  fleet  and  fleet  are 
concerned,  must  be  carried  on  outside  the  limits 
of  torjjcdo  range.  Adopting  this  basis  of  com- 
putation, we  find  that  it  we  cover  a  sliip's  hull 


with  6-in.  Krupp  st(.'el.  we  may  reasonably 
ho)ie  to  keep  out  forty  out  of  every  forty-one 
projectiles  that  shall  hit  her  in  battle.  Of 
course  it  may  hapjien,  if  the  angle  of  incidence 
be  propitious,  that  a  7'5-in.,  or  even  a  6-in.  shell 
will  occasionally  pierce  the  best  6-in.  armour  at 
such  ranges  as  those  of  which  I  speak.  On  the 
one  hand,  there  are  afloat  a  certain  number  of 
guns  of  e.xcejjtional  length  and  muzzle-energy  ; 
and  on  the  other,  all  good  armour  is  not  equally 
good  all  over.  Nevertheless,  bearing  in  mind 
that  guns  in  action  are  seldom  quite  as  for- 
midable as  the  same  guns  on  the  jiroving-ground. 
we  may  take  it.  I  think,  that  all  the  exceptionally 
heavy  modern  armour  on  the  hulls,  and  inside 
the  hulls  of  ships  of  war.  is  placed  there  for 
defence  against  projectiles  which  cannot  well 
exceed  about  three  per  cent,  of  the  whole 
number  of  projectiles  likely  to  strike  it. 

TWO     VITAL     QUESTIONS. 

These  considerations  give  rise  to  two  questions. 
One  is  :  Is  it  worth  while,  looking  to  the  enor- 
mous sacrifices  which  must  be  made  ere  much 
thick  armour  can  be  carried,  to  carry  it  ?  The 
other  is  :  Is  there  no  method  whereby  some  at 
least  of  the  advantages  of  thick  armour  may  be 
secured  without  depriving  the  shij)  of  a  corre- 
sponding proportion  of  her  most  valuable 
fighting  qualities,  the  purely  offensive  ones  ? 

The  two  questions  may  be  dealt  with  together. 
Experience  has  taught  us,  with  regard  to  gunner\- 
practice,  that  a  percentage  ot  hits  which  would 
be  contemptible  against  a  target  in  peace  time, 
would  be  very  good  indeed  against  an  enemy 
in  war  time.  Five  or  six  years  ago  American 
na\al  gunnery  had  a  deservedly-  high  reputation. 
After  the  battle  of  Santiago  it  lost  its  character 
in  the  estimation  of  unthinking  people,  the 
sole  reason  being  that  in  that  action  the  Ameri- 
can gunners  did  not  make  anything  like  so  large 
a  percentage  of  hits  as  their  previous  peace 
performances  had  led  the  unthinking  people 
to  look  for.  The  truth,  of  course,  is  that, 
no  matter  how  excellent  your  gunners  may  be, 
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\oii  can  never  get  them  to  do  as  well  against  a 
replying  enemy  as  against  a  passive  target. 
But  it  is  also  true  that  in  proportion  as  their 
practice  is  good  the  reply  will  be  bad.  To  make 
uood  practice,  the  desiderata  are  good  guns  and 
plenty  of  them,  and  highly  trained  gunners. 
From  this  it  results  that  a  heavilv  armed  ship, 
with  a  perfectly  trained  and  disciplined  crew, 
-hould  be  able,  to  a  very  large  extent,  to  keep 
under  or  confuse  the  fire  of  a  ship  which  is  less 
well  armed,  and  which  has  an  indifferent  crew, 
L-ven  if  the  le.ss  well  armed  ship  possesses  great 
superiority  in  thfi  matter  of  armour.  1  think. 
in  short,  that  heavy  armament  and  good 
gunnery  will  always  compensate,  largely  if  not 
absolutely,  for  lack  of  very  heavy  armour.  It 
is  only  another  way  of  expressing  the  generally 
accepted  formula  that  a  vigorous  offensi\e  is 
the  besi  tiefence.     That   formula  is  the  secret 


of  all  eliectiv-e  strategy:  it  is  hardly  less  the  secret 
of  all  effective  tactics. 

THE     SECURITV     OF     A       SHIP     AS     A     FLOATING 
PLATFORM. 

I  need  not  say  nuuii  about  habitability, 
security  as  a  floating  jilatforin,  seaworthiness, 
and  ability  to  use  the  guns  under  all  conditions 
of  weather.  These  are  qualities  which  can'be 
neither  sacrificed  nor  paltered  with  in  vessels 
which  are  intended  for  cruising  as  well  as  for 
fighting  work — for  the  kind  of  work,  in  J  fact, 
which  must  be  done  by  British  battleshipsand 
armoured  cruisers  in  war  time.  But  it  may  be 
desirable  to  point  out  that  the  security  ofj'a 
ship  as  a  floating  platform  does  not  necessarily 
depend  upon  the  thickness  of  her  external 
armour  at  and  near  the  waterline.  When^a 
modern  battleship  has  nearly  em])ty  bunkers,  has 
expended  a  part  of  her  ammunition,  and  has 
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hoisted  out  her  boats,  or  had  them  destroyed, 
her  side  armour,  especially  on  the  windward 
side,  will,  in  the  majority  of  cases,  he  above 
water  altogether.  Such  will  be  a  very  probable 
condition  ot  affairs  if  she  goes  into  action  after  a 
long  and  hot  chase.  On  the  other  hand,  a 
vessel  carrying  the  maximum  amount  of  coal  in 
her  bunkers,  more  coal,  perhaps,  on  deck,  full 
magazines,  and  all  her  boats,  may  easily  have 
her  belt,  if  it  be  a  narrow  one,  entirely  sub- 
merged, especially  on  the  leeward  side.  Such 
will  be  a  vcrv  iirobable  state  of  affairs  if  she 


goes  into  action  unexpectedly,  within  a  few 
hours  of  leaving  port.  An  armoured  belt, 
therefore,  unless,  indeed,  it  be  something  much 
broader  than  the  ordinary  waterline  belt, 
may  be  altogether  inefficacious,  even  while  it 
remains  intact.  The  security  of  a  ship  as  a 
floating  platform  may,  of  course,  be  bettered 
by  armouring  her  at  the  waterline  ;  yet  there, 
as  elsewhere,  the  use  of  thick  armour  over  a  large 
superficies  can  be  indulged  in  only  at  the 
sacrifice  of  offensive  qualities  ;  and,  upon  the 
whole,  the  desired  end  can,  I  think,  be  attained 
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with  more  certainty  by  other  means.  Six-inch 
side  armour,  reinforced  near  the  waterhne  by  a 
system  of  cellular  subdivision  of  the  hull,  liy  a 
belt  of  "  cellulose  "  or  some  other  absorbent 
material,  bv  the  usual  armoured  deck  (the  actual 
■lue  of  which,  however,  has  yet  to  be  deter- 
mined), and  by  a  judicious  arrangement  of  coal 
bunkers,  ought  to  effect  the  object  in  view  as 
completely  as  it  can  be  effected.  The  emplo\'- 
ment  of  such  devices  does  not  involve  the  over- 
burdeninsj  of  the  ship,  and  gives  a  far  wider 
area  of  jtrotection  than  can  be  given  bj-  the 
application  of  lo-in,  or  i2-in.  armour. 

COAL     AND     AMMUNITION     CARRYING     CAPACITY. 

I  come  next  to  coal-carrying,  and  ammunition- 
carrying  capacity.  These  are  highly  important 
qualities.  Without  a  plentiful  supply  of  coal, 
engine-power  may  be  neutralised  ;  without  a 
plentiful  supply  of  ammunition  gun-power  may 
be  worthless  ;  so  that  coal  and  ammunition 
must  take  rank  among  the  most  essential  of 
offensive  factors.  But.  although  they  are  so 
important,  so  vitally  important  if  you  will, 
they  cannot  be  placed  in  quite  the  same  category 
as  engine-power,  and  gun  power.  And  for  this 
reason :  when  a  ship  is  commissioned  in  w'ar  time, 
she  has  within  her  a  certain  amount  of  engine- 
power,  and  a  certain  amount  of  gun-power  :  and, 
in  ordinary  cases,  these  cannot  be  added  to  or 
improved  during  the  whole  campaign,  unless 
the  vessel  be  laid  up  and  rendered  ineffecti\'e 
for  a  long  period.  They  represent  a  permanent 
installation.  But  it  is  always  contemplated 
that  coal  and  ammunition  must  run  short  from 
time  to  time  :  and,  no  matter  how  great  a  ship's 
bunker  and  magazine  capacity  may  be,  bunkers 
and  magazines  must  be  replenished  sooner  or 
later.  \Miile,  therefore,  it  is  an  undoubted 
advantage  for  a  fighting  ship  to  be  able  to  stow 
plenty  of  fuel,  powder,  and  projectiles,  it  does 
not  follow  that,  because  she  possesses  enormous 
stowage  room,  she  will  alwa\-s  have  the  generous 
supplies  which  she  may  need  at  a  given  moment. 
In  fact,  she  can  never  be  sure  of  having  them 


at  all,  unless  there  be  good  organisation  behind 
her,  with  a  proper  utilisation  of  coaling-stations, 
fast  colliers,  ammunition  storeships,  and  methods 
of  rajiid  coaling.  The  ship  with  large  capacity 
will  be  less  continuously  dependent  upon  the 
excellence  of  this  organisation  than  will  the 
ship  with  less  ca])acity  ;  but  it  is  only  a  question 
of  degree  ;  and  it  seems  to  me  that  with  fore- 
sight, good  management,  and  the  facilities 
which  can  be  furnished  by  the  genius  of  the 
inventor,  a  man-of-war,  even  if  provided  with 
only  moderate  bunker  and  magazine  capacity, 
may  well  be  kept  fed  with  coal  and  anmiunition, 
so  that  she  shall  seldom  be  in  danger  of  falling 
short. 

EFFECTIVE      COALING     A      PROBLEM     TO     BE     FACED 
SQUARELY. 

But,  to  attain  that  consummation,  we  must 
buy  or  build  fast  colliers  of  considerable  size, 
and  must  provide  them  with  appliances  which 
shall  enable  them  to  coal  men-of-war  with  safety, 
and  a  certain  modest  degree  of  speed,  as  well 
at  sea  as  in  port.  We  must  also  buy  or  build 
fast  ammunition  -  supjfly  ships.  And  the 
vessels  must  be  fast  enough  to  keep  up  with  an\- 
squadron  that  can  be  sent  to  sea.  This  problem 
has  never  yet  been  faced  squarelj'.  Several 
years  ago  I  watched  some  experiments  in 
coaling  at  sea.  A  man-of-war  took  a  collier  in 
tow,  and,  by  means  of  tackles  from  her  mizen 
mast  to  the  foremast  of  the  collier,  imjirovised  a 
kind  of  sagging  aerial  railway  along  which  she 
hauled  infrequent  bags  of  coal  on  to  her  quarter- 
deck. When  the  tow-line  slackened,  as  happened 
sometimes,  the  bag  which  was  upon  its  way 
was  plunged  into  the  water,  and  half  the  coal 
was  washed  out  of  it,  while  the  force  of  the  sea 
checked  the  bag  itself,  and  almost  tore  it  to 
pieces.  Of  course,  that  primitive  arrangement 
was  terribly  tedious  and  unsatisfactory  ;  yet 
how  much  better  would  il  have  worked  if  the 
collier,  instead  of  the  man-of-war,  had  been 
made  the  towing  ship.  In  that  case,  supposing 
the  bags  to  have  touched  the  water,  they  would 
have   been    helped   on   their   w-ay,    instead  of 
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checked ;  and  the  man-of-war  would  have 
coaled  over  the  forecastle,  and  not  over  the  nice 
clean  quarter-deck.  I  believe  that  it  did  not 
occur  to  anyone  concerned  to  suggest  the 
making  of  the  change.  Possibly  the  collier 
in  question  had  not  power  sufficient  to  enable 
her  to  tow  the  man-of-war.  But  colliers 
capable  of  towing  can  be  built,  and  the  rough 
appliances  of  which  I  speak  can  be  improved 
upon.  I  recall  the  incident  merely  in  order  to 
show  how  little  serious  study  the  important 
question  of  coaling  under  way  had  received  in 
the  Navy  at  the  time.  It  is  still  too  much 
neglected.  Until  we  devote  serious  attention 
to  it  we'shall  never  be  able  properly  to  utilise 
the  speed  of  our  fast  ships,  and  shall  be  obliged, 
as  heretofore,  to  turn  them  into  floating  coal 
yards  and  perambulating  Woolwich  Arsenals, 
to  the  prejudice  of  their  speed  and  their  general 
lighting  qualities. 

Engine-power  and  gun-power  are  not  qualities 
which  can  be  similarly  supplemented  from 
outside. 

SPEED     AND     GUN-POWER. 

Speed  is  a  strategical  as  well  as  a  tactical 
lactor.  It  facilitates  the  making  of  rapid  and 
certain  strategical  combinations ;  it  endows 
the  ship  possessing  it  with  the  inestimal)le 
advantage ^of  being  able  either  to  force  or  to 
refuse  an  action  with  a  slower  enemy ;  it 
confers  upon  the  faster  vessel  the  power  of 
choosing  her  own  fighting  distance,  while  also 
enabling  her  to  select  and  retain  for  herself  the 
best  fighting  position  ;  it  allows  a  craft  of 
inferior  force  to  venture  in  war  time  with  safety 
into  waters  where,  if  she  were  slower,  she  would 
not  dare  to  cruise  at  all  ;  and  it  gives  its  owner 
the  best  opportunities  of  collecting  intelligence, 
-^peed,  therefore,-  is  not  less  valuable  to  the 
ijattleship  than  to  the  cruiser,  and  not  less 
valuable  to  the  protected  cruiser  than  to  the 
armoured  one.  In  tliis  country,  nevertheless, 
the  importance  attached  to  mobility  is  so 
-secondary  tliat  the  return  which  is  now  pre- 
-ented  annually  to  the  House  of  Commons  of 


the  fleets  of  the  leading  Powers  makes  no 
mention  whatsoever  of  speed,  although  it 
specifies  the  date,  the  displacement,  and  the 
armament  of  every  vessel  described.  The 
obvious  conclusion  is  that  those  who  move 
for  the  return  are  of  o|)inion  that  it  matters 
little  whether  a  ship  can  steam  at  twenty-live 
knots  or  only  at  ten  knots,  jirovided  that  she 
be  big,  and  not  too  old.  and  that  she  carry 
heavy  guns.  In  truth,  it  is  not  of  much  use  to 
be  able  to  cook  your  hare  unless  you  can  first 
catch  him,  Sjieed  is  not  only  one  of  the  first, 
Init  also  one  of  the  most  indispensable  of  offen- 
sive qualities.  In  importance  it  ranks  with  gun- 
]iower  alone. 

BRITISH     SHIPS     CRITICISED. 

.\11  thoughtful  and  competent  students  of 
history  must  agree  that,  in  men-of-war,  defensive 
qualities  cannot  for  value  compare  with  offensive 
ones,  and  that  it  is  wise,  when  compromise  is 
obligatorv,  to  make  greater  sacrifices  for  the 
sake  of  offence  than  for  the  sake  of  defence  ; 
yet  for  more  than  half  a  generation  we  have 
])ursued  what  seems  to  be  a  contrary  })olicy, 
with  the  result  that  to-day  most  of  our  liest 
and  most  costly  ships  are  demonstrably  weaker 
in  the  qualities  of  speed  and  gun-power  than 
nianv  a  foreign  ship  of  much  less  pretentious  and 
expensive  character.  It  is  useless  for  Admiralty 
apologists  to  urge,  by  way  of  retort,  that  those 
of  our  ships  which  I  make  bold  to  criticise 
possess  compensating  advantages.  Nothing  can 
compensate  for  deficient  speed  and  striking 
j)ower.  It  is  also  useless  for  them  to  plead  that 
our  inferior  vessels  are,  for  the  most  part,  older 
than  the  superior  craft  of  foreign  nations.  I  do 
not  choose  our  worst  and  oldest  ships,  but  our 
best  and  newest,  for  comparison  with  other 
vessels  of  about  the  same  size  ;  and  if  our  best 
and  new-est  be  inferior  to  the  best  and  newest  of 
other  powers,  the  obvious  conclusion  is  either 
that  the  .Admiralty,  u])  to  the  time  of  Sir  \\ .  H. 
White's  resignation,  was  neglectful  of  its  duty, 
or  that  the  naval  architects,  engine  designers, 
and  others  who  endeavoured  to  carry  out  the 


3    —  C 

o   !^t 


z    c'. 


(40S) 


Offensive  and  Defensive  Qualities  in  Men=of=War. 


409 


Admiralty's  directions  were  inferior  in  ability 
to  those  of  their  competitors  who  worked  for 
foreign  Governments,  and  that,  instead  of 
leading  the  rest  of  the  world,  they  merely 
followed  it  at  a  distance. 

Let  me,  by  way  of  example,  compare  our  own 
battleships  of  the  King  liduard  VII.  class  with 
the  American  battleships  of  the  New  Jersey 
class.  The  former,  by-the-bye.  were  designed 
after  the  specifications  of  the  latter  had  been 
published.     Here  are  some  parallel  statistics  : — 

"  King  Edw.ird  VI !."  "  Xcw  Jersey." 

N'ormal        displace- 
ment, tons  ...  if^'t.i.S"  15,000 
Ma.fiinum        speed, 

knots        ..  ...  185  190 

.Maximum  coal  cap.i- 

city,  tons 2,000  1,900 

Main  and  secondary 

.Miiiaiiunl  ...    4  i2-in.  I40  cats.)     4  12-in.  (40  cals.l 

4i)2-in.  (45cals.l     8    S-in.  (45  cals.) 
10  6-in.  (4Scals.)  12    6-in.  (locals.) 
WVi.uht     of    double 

broadside,  lb.     ...  5.920  6,600 

Mnz/Ie- energy      of 

double  broadside, 

ft.-tons  (about!    ...  286,<>oo  334,000 

Weight    of    double 

broadside,  per  ton 

ofdisplacecnent,lb.  -362  '440 

-Muzzle  -  energy     of 

double  broadside, 

per  ton  of  displace- 

m  e  n  t ,       ft.-tons 

(about)      ...         ...  17-5  22-2 

Again,  let  me  more  briefly  compare  our  battle- 
ships o'  the  Duncan  class  with  the  Italian 
battleships  of  the  Benedetto  Brin  type,  and  with 
the  battleships  of  the  Constititcvm  class,  recently 
launched  for  Chili,  but  since  announced  as  for 

sajg  * 

"  Benedetto 
"Duncan."  Brin."  "Constitucion." 

N'ornial        displace- 
ment, tons  ...       14,000  13,427  11,800 
Ma.ximum    speed, 

knots        19  20  21 

Main  and  secondary 
armament  ...     4  12-in.        4  J2-in.  4  lo-in. 

(45  cals.) 
12  6-in.  4  8-in.  14  7  5-in. 
(45  cals.)  (50  cals.) 

12    6-in. 
Weight     of     double 

broadside,  lb.     ...  4,600  5,440  4,800 

Weight  of  double 
broadside,  per  ton 
ofdisplaceinent,lb.  328  405  -406 

Far  be  it  from  me  to  assert  that  in  no  respect 
is  the  Duncan  superior  to  her  rivals.  But  in  the 
important  matters  of  speed  and  gun-power 
she  i;  obviously  inferior,  both  actually  and 
relatively. 

CONCLUSIONS. 

I  do  not  want  to  pursue:  the  statistical  com- 
parison, and  to  apply  it  in  turn  to  armoured 
cruisers,    and    to    unarmourcd    cruisers    of    the 


various  classes.  To  do  so  would  be  very  tedious, 
and  would  occupy  too  much  space.  Moreover, 
in  his  pajier  on  'The  Lines  of  Fast  Cruisers," 
read  at  the  rccent meeting  of  the  Institution  of 
Naval  Architects,  Vice- Admiral  Fitz-Gerald  has 
said  something  on  the  subject,  and  h.is  com- 
jiared  the  Russian  Bayan  with  the  British 
armoured  cruisers  of  the  "  County  "  class,  very 
much  to  the  disadvantage  of  the  latter.  It  will 
suffice  to  state  general  conclusions.  These  are 
that  while,  as  a  rule,  though  not  always, 
our  armoured  cruisers  are  faster  than  their 
foreign  rivals,  they  are  at  the  same  time 
very  much  less  heavily  gunned.  Indeed, 
their  weight  of  double  broadside  per  ton  of 
displacement  is,  speaking  broadly,  onh'  about 
two-fifths  of  that  of  their  possible  comi>ctitors 
in  other  navies.  As  for  our  unarmoured 
cruisers,  they  are  very  much  inore  unsatisfac- 
tory-, for  neither  in  speed  nor  in  gun-power  do 
the  majority  come  up  to  the  standards  which 
have  been  adopted  by  other  maritime  nations. 
In  fact,  it  really  looks  as  if  no  effort  had  been 
made  to  give  them  adec[uate  gun-power.  And 
in  this  connection  I  caimot  forbear  quoting, 
without  comment,  what  Sir  W.  H.  White  said 
atiout  the  PoKerful  and  Terrible  in  the  Times  of 
January  22nd  last.  Sjieaking  of  the  fact  that 
these  huge  vessels  had  been  intended  by  way  of 
reply  to  certain  foreign  cruisers,  he  wrote  : — 

The  total  weight  devoted  to  the  armament  and  its 
protection  gre.itly  exceeded  the  corresponding  weight  in 
the  A't'sst'a.  ilie  Powerful  was  made  the  stronger  lighting 
machine,  although  she  carried  fewer  guns  and  each  dis- 
charge of  her  whole  original  armament  throws  a  less 
weight  of  metal.  Recently  lour  additional  6-in.  guns  in 
casemates  have  been  added  to  the  armament  of  both  the 
Powerful  And  'fcrrihU:  This  has  been  intcrpietcd  by  the 
critics  as  an  acknowledgment  that  the  original  armament 
was  considered  to  be  weak.  \  more  correct  statement 
would  be  that,  while  the  original  armament  was  sullicient 
for  its  intended  purpose,  it  was  found  possible  when  the 
ships  were  completed  to  carry  these  extra  guns  and  their 
protection,  while  practically  maintaining  the  designed 
draught,  speed,  and  stability. 

Gun-power  is  so  immensely  important  that 
I  think  we  ought  never  to  sacrifice  it  again  as  we 
have  sacrificed  it  in  the  past.  Our  future  large 
battleships  ought  to  be  able  to  throw  at  least 
•420  lb.  of  metal  per  ton  of  displacement ;  our 
future  large  armoured  cruisers,  at  least  "300  lb.  ; 
and  our  future  large  unarmoured  cruisers  at 
least  '280  lb.  ;  and,  at  the  same  time,  the 
vessels  ought  not  to  be  inferior  in  speed  to 
corresponding  foreign  shi])s.  Those  figures  seem 
to  mark  the  limits  of  the  concessions  which  may 
justifiably  be  inade  at  present  to  armour,  coal 
and  ammunition  cajiacity,  and  the  other 
qualities  which  it  is  sought  to  combine  in  a 
ser\'iceable  man-of-war  of  the  first-class  in  each 
categorj'. 
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Continuing  tlie  series  of  articles  recently  published  in  this  nr;ga/.ine  under  the  heading  "  The 
Development  of  '  Wireless '  Telegraphy,"  the  author  now  describes  the  system  which  Sir  Oliver  Lodge 
and  Dr.  Muirhead  have  been  engaged  for  some  years  past  in  perfecting,  and  which  has  at  length 
been  put  into  practical  working  by  the  inventors.  Sir  Oliver  Lodge's  early  work  in  coimection  with 
Hertzian  waves  and  "  wireless  "  telegraphy  has  already  been  discussed,*  but  its  later  developments, 
and  especially  the  mechanical  improvements  due  to  Dr.  Muirhead's  experience  ot  telegraphic  work, 
have  been  kept  back  pending  the  completion  of  the  whole  system. — Ed. 


FUNDAMENTAL     PRINCIPLES. 

'V^—Xlfefe^^  HE  Lodge-Muirhead  system 
is  essentially  a  syntonic 
system.  That  is  to  say, 
following  np  the  lines  on 
\\hich  Sir  Oliver  Lodge  first 
started,  in  1S94  and  earlier, 
the  sender  and  receiver  are 
so  tuned  that  the  waves  emitter]  by  the  former, 
however  feeble  they  may  he  on  their  arrival  at 
the  receiving  instrument,  exert  a  cumulative 
effect,  just  as  sound  waves  do  in  the  case  of 
a  suitable  resonator.  Lodge's  first  electrical 
demonstration  of  this  effect  was  with  the  tuned 
Lej-den  jars,  in  which,  by  properly  adjusting 
the  two  circuits,  a  discharge  in  one  jar  set  up 
oscillations  and  an  overflow  in  the  other.  The 
radius  of  transmission  is,  however,  very  small 
with  capacities  of  the  Leyden  jar  type,  and 
Lodge  saw  that  the  way  to  extend  it  was  not 
only  to  increase  the  size  of  the  jars  but  to  open 
them  out  so  that  the  two  coats  were  extended 
parallel  or  continuously  in  space,  with  a  spark 
gap  between  them.  In  practice  this  arrange- 
ment has  been  reduced  to  an  aerial  capacity, 
usually  a  wire  framework  designed  to  catch  the 
wind  as  little  as  possible,  and  a  second  caiiacity 
lying  on  the  earth,  which  in  favourable  situations 
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may  be  the  earth  itself.  Between  these  two 
at  some  point  in  the  \ertical  wire  connecting 
them,  is  the  spark  gap,  served  by  a  Ruhmkorff 
coil  ;  and  between  the  spark  gap  and  the  lower 
capacity  or  earth  plate,  are  placed  an  inductance 
coil  and  a  condenser,  both  adjustable,  v\hich 
serve  for  tuning  the  sending  circuit  or  radiator 
to  the  required  pitch.  This  method  cf  tuning, 
which  can  be  modified  to  suit  particular  circiun- 
stances,  and  which  for  very  close  screening  is 
supplemented  by  a  variety  of  more  elaborate 
devices,  is  one  of  the  essentials  of  the  system, 
and  dates  from  the  earliest  Lodge  patents  ol 
1897.  There  are  two  other  prominent  features 
which,  although  they  have  been  adopted  by 
different  inventors,  are  nevertheless  claimed  in 
the  patents  of  1897.  These  are  first  an  ironless 
induction  coil,  or  transformer,  in  the  receiving 
circuit,  for  multiplying  the  electromotive  forces 
and  so  intensifying  the  action  on  the  coherer  : 
and  secondly  a  condenser  sluiiit  in  the  coherer 
circuit,  the  purpose  of  which  is  to  give  it  a 
definite  time  jieriod  by  eliminating  the  disturbing 
influence  of  the  battery  and  receiving  instru- 
ment. The  circuit  through  these  is  closed  all 
the  time,  and  therefore  oscillations  could  work 
themselves  up  and  cause  an  overflow  through 
the  coherer  as  soon  as  they  are  strong  enough. 
This  condenser  shunt  is  used   in  one  form  or 
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another  by  the  Marconi  Company  and  by  the 
Admiralty,  in  their  modification  of  the  Marconi 
system.  The  accomiianying  diagram  shows  the 
method  of  connection  adopted  in  the  Admiralty 
system  ;  the  secondary  of  the  transformer  s  s' 
is  divided  in  half,  and  the  condenser,  .r.  which 
shunts  the  battery,  b,  and  the  relay,  R,  is  inserted 
in  the  middle.  The  coherer  is  shown  at  c.  In 
the  Lodge  system  it  has  been  found  best  to  have 
two  condensers,  one  in  the  transformer  secondary 
circuit  shunting  the  battery  and  receiving  instru- 
ment, as  described  ( there  is  no  relay),  and  the 
other  as  shown  at  x'. 


NEW      DETAILS. 

The  foregoing  are  more  or  less  fundamental 
features  in  the  Lodge-Muirhead  sj'stem,  which, 
however,  as  already  e.vplained,  admits  of  special 
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LODGE-MUIRHEAD    COHERER. 


COHERER— SECTIONAL    ELEVATION. 

modifications  to  suit  circumstances  ;  but  the 
practical  workability  of  the  system  depends 
quite  as  much  upon  its  details  as  upon  funda- 
mental features.  iVmongst  the  more  important 
new  details  is  the  coherer,  which  departs  entirely 
from  the  type  commonly  in  use,  and  consists  of 
a  small  steel  disc  rotating  in  light  contact  with  a 
column  or  globule  of  mercury  contained  in  an 
ebonite  tube,  and  covered  with  a  thin  film  of 
mineral  oil.  The  impulse  of  received  waves 
breaks   down    the   film    of   oil   and   establishes 
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momentary  contact  with  the  mercury  sufficient 
to  complete  the  circuit  and  enable  the  current 
from  a  local  cell  to  operate  a  siphon  recorder. 
The  rotation  of  the  disc,  which-  is  geared  by 
ebonite  wheels  to  the  clockwork  motion  of  tlie 
recorder,  destroys  the  contact  instantly  without 
the  intervention  of  any  tapping  apparatus,  and 
this  is  a  great  gain  both  in  simplicit}-  and 
effectiveness.  A  felt  pad  lightly  touching  the 
steel  disc  cleans  its  edge  of  dust  before  and  after 
contact,  and  renders  it  very  certain  and  sensitive 
in  action.  In  fact  for  sensitiveness  this  coherer 
is  very  difficult  to  surpass,  and  for  certainty  it 
is  an  improvement  upon  most  types  of  filings 
coherers  ;  although  the  filings  coherer  used  until 
recently  by  Messrs.  Lodge  and  Muirhead.  with 
needle  points  instead  of  plugs,  gave  wonderfully 
good  results  also.  A  diagram  is  given  here 
showing  the  construction  and  connections  of  the 
new  coherer. 

It  has  already  been  mentioned  that  the  coherer 
acts  directly  on  a  siphon  recorder,  without  the 
intervention  of  a  relay,  and  connected  with  it  is 
a  potentiometer  for  regulating  the  difference 
of  'potential  at  its  terminals.  In  practice  half 
a  volt  is  seldom  if  ever  exceeded,  and  for  many 
purposes  the  e.m.f.  is  as  low  as  "03  volt.  The 
ratio  of  the  tranformer  coils  is  about  i  to  8. 

The  chiefjnnovations  in  regard  to  the  signal- 


ling apparatus  is  the  form  of  interrupter  devised 
by  Dr.  Muirhead,  and  called  a  "  buzzer,"  and 
the  use  of  an  automatic  signalling  machine, 
w  here  preferred,  in  place  of  the  hand-operated 
Morse  key.  The  "  buzzer  "  consists  of  a  pair  of 
telegraphic  sounders,  or  electro-magnets,  cross- 
coupled  so  as  to  act  reciprocally  during  the 
holding  dow-n  of  the  Morse  key,  or  whilst  the 
automatic  machine  is  giving  its  signals  corre- 
sponding to  the  perforations  of  a  running  tape. 
To  the  armature  of  one  of  the  sounders  an 
aluminium  arm  is  fi.xed,  with  a  copper  rod  at 
the  end,  which  dips  into  a  vessel  of  mercury, 
and  makes  and  breaks  contact  with  the  mercury 
as  the  arm  is  actuated  by  the  armature.  This 
make-and-break  governs  the  sj)ark  coil,  so  that 
the  function  of  the  "  buzzer  "  is  to  break  up  the 
signals  of  the  key  automatically  into  a  rapid 
succession  of  sparks,  the  frequency  of  which  can 
he  adjusted  to  give  the  best  results  in  trans- 
mission. In  other  words,  the  long  and  short 
signals  of  the  Morse  key  are  translated  by  the 
"  t^uzzer  "  into  oscillations  of  an  appropriate 
frequency,  which  in  their  turn  are  translated 
back  by  the  siphon  recorder  into  long  and  short 
signals  on  a  running  tape.  The  combined 
apparatus  is  so  sensitive  tliat  if  the  rate  of 
sparking  is  at  all  too  low  the  long  signals  on  the 
tape  show  a  series  of  small  ridges  corresponding 
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to  the  number  of  sparks,  whereas  if  it  be  per- 
fectly right  the  siphon  needle  is  held  o\er  and 
the  signal  consists  of  a  straight  line  deflexion. 
The  extraordinary  sensitiveness  of  the  recorder 
and  coherer  combined  enable  the  operators  to 
detect  the  slitjlitest  inequalities  or  uncertainty 
in  the  working  of  the  transmitter,  and  is  most 
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DIAGRAM     OF    THE     LODGE-MflRHEAD 
RIXEIVIXG   COXXECTIOXS. 


useful  in  studying  the  changes  brought  by  every 
\-ariation  in  the  modes  of  signalling. 

The  writer  has  seen  and  studied  the  working 
of  the  new  system  at  Dr.  Muirhead's  works,  near 
Beckenham,  in  Kent,  where  an  experimental 
range  has  been  constructed  over  8i  miles  of 
chalk  downs,  with  a  difference  in  level  of  nearly 
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COMPLETE     LODGE-MUIRHliAD     SET. 
A  ^  12  volt  Secondary  BatlL-ry.         B  =  Receiving  Set.        C   =   Spark  Rods  in  Fianic 
E  =  "  Buzzer."       F  =  Perforator.       G  =  Morse  Kev.       H  =  Primary  Switcli. 


D  =   lo-in.  Spark  Coil. 
=  Auto  Transmitter. 


300  feet  between  the  two  stations.  Owing  to 
the  insulating  properties  of  chalk,  this  range  is 
probably  equivalent  to  50  miles  at  sea.  The 
system  has,  however,  been  actually  tested  over 
longer  distances,  both  in  the  Irish  Channel  and 
under  Admiralty  conditions  over  the  official 
range  of  62  miles  between  Portland  and  Ports- 
mouth. In  all  cases  it  has  given  the  utmost 
satisfaction,  and  with  the  close  screening  devices 


introduced,  the  inventors  are  satisfied  that  they 
can  eliminate  outside  interference  from  other 
stations  outside  a  lo-mile  radius.  Within  that 
distance  tlie  problem  is  more  ditficult,  and  so 
far  no  one  can  boast  that  the  difficulties  have 
been  absolutely  overcome. 

For  ordinar\'  sea-going  work,  and  communi- 
cation between  ships  and  the  shore,  an  open 
system  is  almost  necessary,  at  present,  because 
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of  the  great  variety  of  range  and  the  comphcation 
which  would  be  necessary  if  every  ship  had  to 
tune  its  svstem  specially  for  each  station. 
Whilst  the  number  of  vessels  arriving  and  sig- 
nalling  at   one   time   is  small,   confusion   need 


HACK    VIEW    OF    RECEIVING    APPARATUS. 

K         Siphon  Recorder.        L  =  Coherer  without  c.ise.         M  =  Clockwork 
N  =  Change  over  Switch.      O  =  Potentioinettr.      P  =  Transformer. 


CLOSKD   SENDING    CIRCUIT. 


not  arise  U)  any  great  extent,  although  even  now 
interference  is  common  enough  ;  but  what  would 
hajjpen  when  a  larger  number  of  ships  were 
equipped,  and  signals  were  flying  thick  between 
them  and  the  shore  stations,  it  is  difficult  to 
foresee.  In  that  case  close  syntonic 
signalling  would  probably  become 
necessary.  It  is  towards  this  ques- 
tion that  Messrs.  Lodge  and 
Muirhead  have  been  devoting  their 
energies,  rather  than  towards  the 
bridging  of  enormous  distances,  and 
in^the  practical  development  of 
the  details  necessary  to  this  end,  as 
well  as  in  the  perfecting  of  the  sig- 
nalling apparatus,  the  credit  for  the 
success  of  the  new  system  rests 
mainly-  with  Dr.  Muirhead.  It  is 
some  reward  for  his  labour  that  the 
first  installation  of  "wireless"  tele- 
grajjhy  adopted  by  one  of  the  cable 
companies,  that  on  board  the  two 
new  re])airing  ships  of  the  Eastern 
Extension  Telegraph  Company, 
should  have  been  allotted  to  the 
Lodge-Muirhead  Wireless  Telegraphy 
Syndicate,  after  a  careful  consider- 
ation of  the  different  competing 
systems  at  present  in  vogue. 
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Oll't  WILI.IAAI  LAIRD  CLOWES,  who  writes  in 
O  thepresent  number  of  Page's  Magazjne  on  "  The 
lielative  Importance  of  Offensive  and  Defensive 
Qualities  in  Men -of  War,"  is  widely  known  as  a  naval 
critic,  as  well  as  a  historical  and  miscellaneous 
wTiter. 

Eldest  son  of  the  late  William  Clowes,  a  Registrar 
in  Chancery,  and  born  in  1S56.  he  was  educated  at 
Aldenham,  King's  College,  London,  and  Lincoln's  Inn, 
but  abandoned  law  for  journalism  and  other  forms 
of  httrature,  and,  about  the  year  1882.  began  to  interest 
himself  specially  in  matters  connected  with  the  Navy. 
For  a  number  of  years  he  acted  as  naval  correspondent 
for  the  Stavdard,- the  Daily  Sew^,  and  the  Tima, 
successively,  and  in  that  capacity  was  present  at  eight 
or  nine  of  the  annual  naval  manoeuvres,  as  well  as  at 
manv  foreign  naval  functions.  He  also  contributed  on 
naval  subjects  to  the  Daily  Graphic,  when  that  paper 
was  first  started  ,  and  his  articles,  republished  under 
the  title  of  "  The  Needs  of  the  Navy,"  were  chiefly 
responsible  for  the  great  increase  in  the  Navy  Estimates 
for  1894,  when  they  leapt  at  a  bound  to  upwards  of 
three  millions  more  than  they  had  ever  before  been 
in  time  of  peace.  A  year  or  two  earlier,  with  a  view  to 
calling  attention  to  the  strategical  situation  in  the 
Mediterranean,  he  wrote  for  the  Engineer  a  naval 
serial  story,  which  subsequently  had  a  great  success 
as  "  The  Captain  of  the  Mary  Rose."  A  little  later  he 
again  aroused  popular  interest  in  the  state  of  the  Navy 
by  the  articles  which,  over  the  signature  "  Nauticus," 
he  wrote  for  the  Xcw  Revicu\  the  Foriinglttlv  Revicu.\ 
Vne  liidcpcndniicc  /Jc/tfe,  and  other  periodicals.  In  1896 
he  first  issued  "  The  Naval  Pocket  Book,"  a  handy 
annual  of  statistics  relatmg  to  the  navies  of  the  world. 
Ere  that  time,  however,  he  had  begun  to  devote  himself 
particularly  to  the  subject  of  naval  history.  Among 
the  fruits  of  his  labours  in  that  direction  are  "  The 
Royal  Navy,  a  History  from  the  Earliest  Times  to  the 
Death  of  Queen  Victoria  "  (seven  volumes,  i89,t-190^), 
and  "  Four  Modern  Naval  Campaigns  "  (1902).  In 
recognition  of  his  work  for  the  Navy  he  was  knighte<l 
on  the  occasion  of  the  King's  coronation. 

Sir  William  Laird  Clowes  is  the  only  English  gold- 
medallist  Tof   the  United  States  Naval  Institute,  and  is 


also  a  Fellow  of  King's  College,  an  Associate  of  the 
Institute  of  Naval  .-Xrchitects.  and  an  Honorary  Member 
of  the  Koval  United  Ser\ice  Institution. 


1'Im!o  byEIHolhindh'n-.] 

SIR    Wll.I.lAM    l.MIUJ    Cl.OWliS. 


(416) 


MR.  .MICHAEL    LOXGRIDGE.  M.A.,   M.Inst.C.E.,  M.I.Mecii.E., 

Chief  Engineer  of  the  Engine  nnd  Boiler  liisnrance  Company,  Manchester. 


MR.  LON'GKIDGE  spriii;.;*  from,  .a 
family  of  ciiyineers.  His  grand- 
falliL-r  was  proprietor  of  the 
Hedlington  Iron  Works  in  Northumberland, 
a  concern  famous  in  its  lime  for  heavy 
forgings.  His  father,  James  Atkinson 
Longridge,  was  a  pupil  of  George  Stephen- 
son and  a  civil  engineer  with  a  large 
practice,  principally  on  railway  works  at 
home  and  abroad.  He  is  remembered 
chiefly  as  the  inventor  of  the  wire  gun  now 
univers;illy  adopted  in  the  British  N'avy. 

Mr.  Longridge  was  born  at  Hedlington  in 
1847.  He  was  educated  at  Radley  and  at 
Trinity  College,  Cambridge,  where  he 
graduated  in  iSfn),  having  a  short  time 
before  been  articled  to  his  father  as  a 
civil  engineer.  After  leaving  Cambridge 
he  was  employed  in  the  locomotive  depart- 
ment of  the  Fell  Railway  over  the  Mont 
Cenis,  in  survey  work  in  Italy,  in  railway 
construction  in  Sweden,  and  afterwards  as 
chief  assistant  in  his  father's  oflice  at 
Westminster.  In  1878  he  became  chief 
engineer  of  the  Kngine  and  Holler 
Insurance  Company  in  Manchester,  and  in 
this  capacity  has  gathered  the  experience 
and  knowledge  which  make  his  opinion 
of  so  much  weight.  His  technical  know- 
ledge and  mastery  of  the  problems  and 
phenomena  connected  with  the  application 
of  steam  power,  together  with  the  thorough- 
ness and  scientitic  accuracy  with  which  his 
experiments  have  been  conducted,  have 
rendered  his  tests  of  the  efticiency  and 
economy  of  steam  engines  of  the  greatest 
value  to  steam  users.  His  marvellous 
powers  of  early  diagnosis  have  enabled 
him  on  numerous  occasions  to  prevent  disaster,  while  the 
mass  of  pathological  material  he  has  gathered  and 
classified  make  the  volumes  of  his  annual  reports  a  mine 
of  information  and  of  immense  value  to  the  student 
of  engineering  problems.  In  his  official  capacity 
Mr.  Longridge  is  responsible  for  the  safety  of  over 
twenty  thousand  steam  boilers  and  many  thousands  of 
steam  and  gas  engines,  dynamos,  and  electric  motors. 
.Always  a  consistent  opponent  of  compulsory  boiler 
inspection  by  Government  oflicials,  Mr.  Longridge,  by 
his  energy  and  trenchant  arguments,  has  been  con- 
spicuously instrumental  in  preserving  to  British 
manufacturers  the  freedom  they  enjoy  from  cast-iron 
rules  and  red   tape  administration  in  the   working   of 
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their  boilers.  It  is  impossible  for  such  a  man  to  be  in 
daily  contact  with  engineering  problems  without 
becoming  the  author  of  many  improvements 
which  have  not  been  without  influence  on  the 
engineering  and  boiler-making  trades.  Personally, 
Mr.  Longridge  is  extremely  youthful-looking  for 
his  age,  and  finds  his  chief  enjoyment  in  Ihe 
interests  of  his  large  family  and  in  playing  the 
violin. 

In  1874  he  became  an  associate  of  Ihe  Institute  of 
Civil  Engineers,  being  elected  a  member  in  1880.  In 
this  vear,  also,  he  became  a  member  of  the  Institute  of 
Mechanical  Engineers,  and  has  recently  been  elected  a 
member  of  the  Council. 
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Washing   Plant    at    the    De    Beers 
Mines. 

Our  illustrations  show  the  washing  machines  in 
which  the  disintegrated  blue  ground  from  the  Kimberley 
Mine  is  put  through  the  lirst  stage  of  concentration. 
The  process  is  thus  described  by  Mr.  Gardner  F. 
Williams,  M.,\.,  the  general  manager  of  the  De  Beers 
Consolidated  Mines,  Ltd.  :  "  The  ground  is  dumped 
from  the  trucks  into  hoppers,  at  the  bottom  of  which 
are  small  revolving  tables  upon  which  the  ground  is 
divided  and  fed  automatically  into  two  revolving 
cylinders.  This  automatic  feeder,  which  was  devised 
by  Mr.  Robeson,  late  mechanical  engineer  to  De  Beers 
Company,  not  only  divides  the  ground  equally  between 
two  rotating  washing  machines,  but  delivers  it  regu- 
larly, so  that  the  machines  cannot  become  over- 
charged, which  would  result  in  loss  of  diamonds. 
After  leaving  the  automatic  feeders,  the  ground  is 
mixed  with  puddle  (the  name  applied  to  the  thick 
mudd)-  water  which  flows  out  of  the  washing  pans) 
and  a  quantity  of  clear  water  is  added.  This  mi.xture 
serves  to  luring  the  fresh  supply  of  blue  ground  in  pans 
to  the  proper  consistency  for  washing,  for  experience 
proves  that  diamonds  and  the  heavy  minerals  with 
them  .separate  from  the  mass  of  lighter  material  much 
better  in  a  fairly  thick  puddle  than  in  comparatively 
clear  water.  From  the  chutes  below  the  feeders  the 
mixture  Hows  into  a  revolving  cylinder  covered  with 
perforated  steel  plates  w'ilh  holes  i;^  in.  in  diameter. 
.Ml  lumps  larger  than  the  holes  pass  out  of  the  end  of 
the  cylinder,   and  are  carried  bj-  a  pan  conveyor  to 


crushing  rolls  for  further  treatment.  Worthless  stones 
carried  in  the  ground  are  picked  out  by  hand  as  the 
lumps  move  along  on  the  conveyor. 

'•  The  pulverised  ground  which  passes  through  the 
screen  holes  of  the  cylinders  is  fed  into  shallow  circular 
pans,  divided  so  as  to  form  an  annular  space,  four  feet 
in  diameter,  between  the  outer  and  the  inner  rim.  Here 
the  ground  is  swept  around  by  revolving  arms  attached 
to  a  vertical  shaft,  and  carrying  wed.ge-shaped  teeth. 
These  teeth  are  set  to  form  a  spiral  which  forces  the 
diamonds  and  other  heavy  minerals  to  the  outer  side 
of  the  pan,  while  the  lighter  material  flows  out  of  the 
discharge  situated  upon  the  inner  rim.  Fifty  per  cent, 
of  De  Beers  ground,  when  well  puh-frised,  will  pass 
through  a  screen  with  holes  iVth  of  an  inch  square,  and 
66  per  cent,  of  Kimberley  ground  will  pass  through 
the  same  screen.  The  big  pieces  of  hard  rock,  which 
were  brought  out  of  the  mines  onlv  a  few  months 
before,  have  crumbled  almost  to  dust,  which,  during 
every  working  day  in  the  year,  passes  through  the  pans 
in  a  flowing  stream  for  ten  hours  a  day,  leaving  its 
treasure  behind.  When  the  bare  statement  is  made 
that  nearly  five  million  truck-loads,  or  more  than  four 
million  tons  of  blue  ground,  have  been  washed  in  a  year, 
the  mind  only  faintly  conceives  the  prodi.aious  size 
of  the  mass  that  is  annually  drawn  from  the  old  craters 
and  laboriously  washed  and  sorted  for  the  sake  of  a 
few  bucketfuls  of  diamonds.  It  would  form  a  cube 
of  more  than  430  feet,  or  a  block  larger  than  any 
cathedral  in  the  world,  and  overtopping  the  spire  of 
St.  Paul's,  while  a  box  with  sides  measuring  two  feet 
nine  inches  would  hold  the  gems." 
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Business  and  Professional  Notes. 

To  iiiccl  llic  wishes  ui  iiuiiy  <ii  ilicir  cuslnmcis  in  tliu 
Midlands  a  new  foundry  has  been  cstablislied  by  the 
Phosphor  Bronze  Company,  Ltd.,  at  Uagot  Street, 
Birmingham,  for  the  production  of  castings  to 
patterns  or  drawings  in  alloys  of  Phosphor  Bronze 
('Cogwheel"  and  "Vulcan"  brands),  Gun  Metal, 
Aluminium,  etc. 

The  business  formerly  carried  on  by  Messrs.  David 
Joy  and  Son,  Consulting  Engineers,  will,  in  future,  be 
carried  on  under  the  name  of  David  Joy  and  Cooper.  Mr. 
Jasper  E.  Cooper,  who  left  a  well-known  shipbuilding 
and  engineering  company  some  time  back  to  lake  up 
the  man.igemcnt  of  this  business,  is  joining  as  a  partner, 
and  will  continue  to  manage  the  affairs  of  the  new  tirm. 
It  is  intended  as  soon  as  possible  to  put  several  of  the 
late  Mr.  David  Joy's  ideas  into  practical  form  and  place 
other  useful  inventions  upon  the  inaikel. 

Mr.  G.  E.  Heyl-Dia,  of  Stretton,  near  Warrington, 
informs  us  that  having  resigned  his  ollice  as  Managing 
Director  of  the  St.  Helens  Cable  Company,  Ltd.,  he 
intends  in  future  to  practice  as  a  consulting  electrical 
and  chemical  engineer,  in  connection  especially  with 
the  erection  of  cable  plant,  and  the  designing  of  cable 
systems  generally. 


The  Phaniix  Dynan\o  Manufacturing  Company,  of 
Bradford,  who  recently  purchased  the  works,  business, 
patents,  etc.,  of  the  late  lirm  of  Kosling  and  I'-ynn,  Ltd.. 
inform  iis  that  they  have  now  removed  from  iheir 
Joseph  Street  Works  to  new  works  at  Thornbury,  and 
request  that  all  inquiries,  correspondence,  etc.,  may  be 
forwartleil  to  them,  addressed  Thornbury  Works, 
Bradford.  It  has  already  been  found  necessary  to 
extend  the  premises  at  Thornbury.  which  ar(S  being 
equipped  with  modern  machinery  designed  to  further 
increase  the  company's  output,  and  enable  them  to 
make  quicker  deliveries. 


Engineering  Standards. 

The  Treasury  has  agreed  to  include  in  the  Hoard  of 
Trade  Vote  for  the  current  linancial  year  a  grant  of  ^.'j.COO 
in  aid  of  the  funds  of  the  Engineering  Standards  Com- 
mittee. The  expenditure  nnder  the  vote  will  be  authorised 
by  the  Board  of  Trade  on  the  recommendation  of  a  com- 
mittee of  the  Institution  of  Civil  Engineers  with  a  repre- 
sentative of  the  Board  of  Trade.  In  presenting  the  Navy 
Estimates  to  the  House  of  Commons,  Mr.  .Arnold-Forster 
stated  that  all  Admiralty  orders  would  in  fulmc  be  given 
in  terms  of  the  standardised  dimensions. 
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The   Uganda   Railway. 

Mr.  lleiliLTt  SamiK-l,  M.P.,  in  the  course  of  a  lecture 
to  the  Society  of  Arts  on  "  The  Uganda  of  To-Day," 
pointed  out  that  the  Protectorate  may  now  be  reached 
by  rail  and  by  steamer  in  less  than  four  weeks'  travelling 
from  London.  One  of  the  causes  of  the  wonderful 
development  of  the  country  is  the  Uganda  Railway, 
which  has  shortened  the  journey  from  the  coast  at 
Mombosa  lo  the  capital  of  Uganda  to  five  days  instead 
of  three  months,  and  has  cheapened  the  cost  of  the 
carriage  of  goods  in  proportion. 

"This  line  is  a  Uganda  railway  in  name,  but  in  name 
only.  It  does  not  enter,  and  it  is  not  designed  to  enter, 
the  Uganda  Protectorate.  Its  entire  length  lies  within 
the  boundaries  of  the  Protectorate  of  British  East  Africa. 
Starting  from  the  fine  harbour  of  Mombasa,  on  the  East 
.African  coast,  it  runs  in  a  west-north-westerly  direction 
for  580  miles,  until  it  reaches  the  shore  of  the  Victoria 
Xyanza  at  a  spot  in  the  neighbourhood  of  Kisumu,  which 
now  bears  the  name  of  Port  Florence.  From  this  place 
it  is  a  two-days'  voyage  across  the  lake  to  Entebbe  in  the 
centre  of  the  Uganda  shore." 

Mr.  Samuel  referred  to  the  cost  of  construction  as 
undoubtedly  excessive.  It  was  estimated  to  cost  under 
two  millions,  yet  Parliament  has  been  called  upon  to 
vote  nearly  six   millions  to   complete  it.     It   is  true  that 


there  have  been  many  difliculties  which  were  unforeseen 
by  llie  framers  of  the  original  estimate  ;  engineering 
dillicullies,  difhcultics  in  obtaining  labour,  difliculties 
in  the  supply  of  water,  and  an  increase  in  the 
cost  of  coal.  But  the  fact  remains,  when  full  allowance 
has  been  made  for  these,  that  the  claims  of  economy  have 
been  regarded  somewhat  lightly  by  the  Foreign  Oftice 
Committee  and  by  the  engineers  who  have  been  charged 
with  the  construction  of  this  line.  "  I  state  this  not  as  an 
opinion  founded  on  my  own  observation,  but  I  was 
fortunate  in  having  opportunities  for  discussing  the 
question  with  a  number  of  Europeans  in  East  Africa  and 
Uganda  ;  and  the  universal  opinion  of  those  on  the 
spot  is  that  there  has  been  frequent  extravagance  in  the 
methods  of  construction,  that  unnecessary  works  have 
been  undertaken,  that  many  mistakes  have  been  made, 
that  there  has  been  much  laxity  of  financial  control  in 
matters  of  detail.  From  none  of  those  whose  views  1 
ascertained  did  I  hear  a  contrary  opinion.  But  no  one 
who  is  acquainted  with  the  circumstances  can  in  fairness 
fail  to  bear  testimony  that,  open  as  are  the  constructors 
of  the  railway  to  criticism  on  this  ground,  they  are 
nevertheless  entitled  to  no  small  measure  of  gratitude 
from  the  country  for  the  successful  completion  of  this 
great  national  undertaking,  carried  out  in  a  countrv 
previously  almost  unexplored,  and  accomplished  in 
defiance  of  manv  formidable  obstacles." 


By  llic  courtesy  oj  the  Society  0/  Arts. 
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A  New  Line  to  Portsmouth. 

Tlie  London  and  Soulh-W'cstern  Kaihvay  Companv  arc 
about  to  optn  a  shoitcr  and  more  direct  route  to  Ports- 
mouth. This  route  has  been  made  by  the  construction  of 
what  is  known  as  the  Meon  Valley  line,  whicli  has  been 
desijined  to  form  portion  of  a  main  through  line  of 
railway  from  London  via  Aldershot,  Farnham,  and  Alton 
to  Gosport,  Portsmouth,  Stokes  Hay  (for  the  Isle  of 
Wight),  and  also  to  Southampton  I'ld  Netley.  It  is  22^ 
miles  long  and  I'ollows  from  its  beginning  near  Alton 
throughout  almost  its  entire  length  the  course  of  the  old 
London  and  Gosport  turnpike  road.  The  new  line  opens 
by  a  junction  with  the  South-Western  Company's 
Farnham,  Alton,  and  Winchester  branch  line  about  a  mile 
west  of  Alton  Station,  and  joins  the  South-Western 
Company's  Eastleigh  and  Portsmouth  branch  line  at 
Knowie,  about  two  miles  north  of  Fareham.  The  earth- 
work and  permanent  way  for  the  present  are  single,  but 
a  double  line  can  be  added  to  the  railway  merely  by 
widening  some  of  the  cuttings  and  embankments  and 
without  pulling  down  and  reconstructing  any  of  the 
bridges  or  other  works.  The  ruling  gradient  is  one  in 
100,  and  all  the  curves  are  suitable  for  running  at  express 
speed  ;  while  the  platforms  at  the  stations  have  been 
made  long  enough  to  accommodate  main  line  trains. 
There  are  two  tunnels  on  the  route,  one  at  Privett,  1,065 
yards  long,  and  another  at  West  Meon,  539  yards  long.  A 
viaduct  carries  the  railway  over  the  River  Meon,  at  West 
Meon.     It  is  62  ft.  above  the  ground  and  is  made  in  four 


arches,  each  of  •,()  ft.  span,  and  supporled  on  steel  piers 
resting  on  concrete  foundations.  Messrs.  K.  T.  Keif  and 
Sons,  of  Plymouth,  were  the  contractors,  and  the  line  has 
taken  about  four  years  to  construct. 


West's  Patent  200-ton  Commutator  Press. 

Although  electricity  li.is  dining  recent  years  conipeted 
successfully  with  hydraulic  power  in  certain  applications, 
it  is  a  noteworthy  fact  that  high-pressure  hydraulic  plant 
is  used  to  a  considerable  extent  in  the  factoiies  of 
electrical  manufacturing  lirms. 

On  this  and  the  following  page  we  illustrate  a  special 
type  of  hydraulic  press  designed  for  commutator  and 
armature  construction.  Fig.  i  is  a  general  view  of  the 
press  with  pump,  valves,  etc.  ;  figs.  2  and  3  show  the 
press  as  used  for  assembling  commutators. 

One  of  the  most  striking  features  of  the  press  itself  is 
the  absence  of  the  usual  press  head  and  columns,  which 
are  replaced  by  a  single  central  bolt  and  nut,  which 
makes  a  very  compact  arrangement,  and  is  obviously 
most  get-at-able.  The  press  consists  of  a  lixed  differential 
ram,  which  rests  on  a  cast-iron  baseplate  and  a  rising 
cylinder,  the  end  of  which  forms  the  press  table.  Into 
the  end  of  the  smaller  portion  of  the  forged  steel  ram  is 
screwed  a  bolt  made  of  high-tenacity  nickel  steel  (Messrs. 
Chas.  Cammell  and  Co.'s).  By  using  this  gr.ide  of  steel  it 
is  possible  to  reduce  the  diameter  of  the  bolt  and  still 
retain  the  strength  of  a  larger  mild  steel  boll. 
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inform  us  tliat  llicy  liavc  sold  a  largu  number  to  work 
from  belt-driven  or  hand  pumps,  intensifiers,  existini; 
hiflb-pressure  mains,  and,  in  om  case,  from  a  miniature 
direct  steam  driver. 


COMM  \JTATCH 


TtMPORARV     CLAMPINC     BA  ^ 


OMPRcsstON    Ring 


FIG. 


The  type  of  press  under  notice  is  suitable  for  (i) 
assembling  commutators,  (2)  tightening  the  end  plates  of 
commutators,  and  (3)  pressing  armature  discs  on  to  iheir 
spiders.  The  method  of  using  the  press  for  assembling 
commutators  is  of  sul'licient  interest  as  to  be  worth  a 
brief  description,  which  will  te  clear  after  an  inspection 
of  figs.  2  and  3.  The  copper  bars  and  mica  are  loosely 
held  together  by  a  hinged  temporary  clamping  band,  and 
the  commutator  placed  with  its  lower  end  just  entering 
the  bell-mouthed  neck  of  a  compression  ring  which  is 
tapered  for  a  poition  of  its  depth  and  parallel  for  the 
remainder  ;  the  nut  on  the  central  bolt  is  run  down,  and 
pressure  is  admitted  into  the  annular  space  in  tlie 
cylinder,  which  causes  the  latter  to  rise  and  draw  the 
commutator  into  the  ring.  The  commutator  is  then 
machined  within  the  ring  and  brought  back  to  the  press 
to  have  the  ends  pressed  on  and  the  bolts  or  nuts 
tightened,  after  which  it  is  drawn  out  of  the  ring  by 
packing  the  ring  up  from  the  face  of  table. 

The  pump  employed  is  of  very  strong  construc- 
tion, and  has  tlie  crank-shaft  journals  placed  undernealh 
the  arches  of  the  standards,  so  as  to  remove  all  strain 
from  the  studs  of  bearing  caps  ;  there  are  two  plungers, 
one  I  in.  in  diameter  which  works  to  4,5001b.  per  square 
inch,  and  one  2  in.  diameter  w-hich  automatically  cuts  out 
when  the  pressure  reaches  900  lb.  square  inch.  The 
pump  is  driven  through  cut  spur  wheels  and  raw  hide 
pinions  by  one  of  Messrs.  Vickers,  Sons,  and  Maxims' 
5-b.h.p.  s!  ow-specd  motors,  and  the  starting  rheostat 
is  intended  to  be  placed  on  the  front  panel  of  the  sm.dl 
standard  carrying  the  pressure  gauge. 

The  makers  of  these  presses,  the  West  Hydraulic 
Engineering  Company,  of  23,  College  Hill,  London,  E.  C. 


The  Iron  and  Steel  Institute. 

An  exception. illy  interesting  pnigr.uiiiiie  has  been 
arranged  for  the  annual  meeting  of  the  Iron  and  Steel 
Institute  to  lie  held  at  Westminster  on  May  7th  and  8th. 
Mr.  Andrew  Carnegie's  inaugural  address  will  deal  with 
the  great  organisations  of  capital  and  labour  in  the  world, 
more  particularly  in  relation  to  American  industrial 
problems.  Mr.  Carnegie  will  also  present  Sir  James 
Kitson,  Bart.,  M.P.,  with  the  Bessemer  gold  medal  for  his 
services  to  the  iron  and  steel  industries  of  this  country. 
The  work  of  the  research  scholars  endowed  by  Mr. 
Caruegie  will  also  be  submitted.  Some  notable  papers 
will  be  read.  Mr.  Talbot,  of  Leeds,  will  give  the  results 
obtained  by  making  steel  from  a  200-ton  furnace  by  a 
continuous  process  ;  Mr.  Keller,  of  Paris,  will  describe 
the  successful  manufacture  of  steel  in  the  electric  furnace  ; 
and  C.  von  Schwarz,  of  Liege,  will  show  how  blast 
furnace  slag  can  be  made  into  Portland  cement ;  Mr.  C. 
Mercader,  of  the  Carnegie  Works  at  Pittsburg,  will  for 
the  first  time  in  public  describe  the  plant  for  manufacturing 
hollow  pressed  axles  for  railroads.  The  Prime  Minister, 
the  United  States  Ambassador,  and  several  members  of 
the  present  and  past  Governments,  have  accepted  invita- 
tions to  be  present  at  the  annual  dinner. 


-  Commutator 
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The  Miller  Railway  Signal  System. 

The  Miller  siniialliiiK  system,  which  has  met  with 
considerable  favour  in  the  L'nited  States,  and  is  being 
introduced  into  this  countrj-  by  the  British  Miller 
Signal  Syndicate,  of  9  and  1 1 ,  I'enchurch  Avenue,  differs 
from  other  automatic  signals  in  respect  to  the  important 
fact  that  the  signals  are  given  directly  in  tlie  engine  cab. 
Two  small  electric  lamps,  one  coloured  red,  the  other 
while,  arc  mounted  in  the  cab  within  easy  view  of  the 
engineer  ;  when  the  train  enters  a  block,  one  of  these 
two  lamps  lights  up  and  remains  so  until  the  beginning 
of  the  next  block  is  reached.  If  the  track  is  clear  for 
two  blocks  ahead,  that  is,  if  there  is  no  train  or  part 
of  a  train  in  either  of  the  two  blocks  ahead,  then  the 
white  lamp  light.s  up  when  the  train  reaches  a  block 
point  ;  if  either  of  the  two  blocks  is  occupied,  the  red 
lamp    lights  up.     To  comply  with   British   Board   of 


lamps  can  be  lighted  at  any  one  time  ;  the  current 
for  their  operation  is  supplied  by  a  battery  or  other 
source  of  electricity,  on  the  engine,  and  is  switched  on 
to  one  or  the  other  lamp  by  an  electro. magnet  reversing 
switch  actuated  from  the  track  circuits  The  lamps, 
battery  and  reversing  switch  constitute  the  entire  t  rain- 
carried  portion  of  the  signal  etiuipmeut.  The  remainder 
of  the  apparatus  is  fixed,  and  may  be  called  the  track 
equipment.  It  is  presupposed  that  the  track  is  iljvided 
into  blocks  of  convenient  length  (J  mile  to  one  mile), 
and  that  at  each  block  point  a  portion  of  the  track  a 
few  rail  lengths  in  e.xtent,  is  insulated  from  the  rest  of 
the  track  by  insulating  rail  joints.  The  two  rails  in 
each  block  are  utilised  lo  form  a  track  circuit  for 
detecting  the  presence  of  a  train  in  the  block  ;  a 
battery  is  placed  across  them,  and  when  a  train  or  car 
is  in  the  block  this  battery  is  short-circuited  through 
the  wheels  and  axles. 
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Trade  regulations,  an  outside  electric  indicator  is  also 
fixed  at  certain  crucial  positions  on  the  track.  This 
indicator  gives  a  white,  green,  or  red  light :  its  chief 
use  being  to  perform  the  functions  of  a  "  home  signal," 
while  the  lights  on  the  engine  form  the  "distant 
signal."  When  the  red  light  is  given  on  the  engine, 
the  driver  slowly  reduces  hisspeedand  brings  histrain 
under  control,  but,  if  upon  reaching  the  outside 
indicator,  he  finds  the  "red"  there  also,  he  must 
make  a  dead  stop. 

.\  provision  against  f  ailureof  electric  light  in  theengine- 
cab  is  made  in  the  shape  of  a  small  semaphore  arm 
inside  the  cab  instrument.  This  little  arm  rises  at 
danger  and  falls  at  safety,  and  acts  concurrently  with, 
vet  independently  of,  the  two  little  lamps.  These  are 
carried  from  a  central  base-piece,  and  are  surrounded 
by  protecting  glass  cylinders ;  spring  supports  are 
provided  for  the  ends  of  the  bulbs.     Only  one  of  the 


The  track  equipment  for  the  Miller  signal  comprises 
a  relay  instrument  at  each  block  station,  provided  with 
a  battery,  and  a  line  wire  connecting  the  different  block 
stations.  The  function  of  the  relay  instrument  is  to 
connect  the  battery  to  the  rail  in  such  a  manner  as  to 
give  the  proper  signal  to  the  engine  when  the  latter 
crosses  the  insulating  joint  at  the  rear  end  of  the 
intermediate  track  section. 

The  system  is  capable  of  great  adaptability,  but  the 
accompanying  drawing  will  serve  to  illustrate  its 
simplest  form. 

The  arrangement  of  the  apparatus  is  shown  in  detail 
above,  two  consecutive  block  stations,  A  and  B,  being 
shown.  The  instruments  at  A  and  B  are  precisely 
similar.  A  magnet  (d)  has  its  cod  connected  across 
the  rails  at  the  rear  end  of  the  block,  and  when  that 
block  is  clear  the  current  from  the  track  circuit  ener- 
gises  the  magnet.     The   magnet    has    two  armature 
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contacts:  one  of  these  (f)  communicates  with  the 
preceding  block  station  through  line  wire  and  rail,  by 
way  of  (m),  (h)  and  (n)  ;  the  other  contact  (e)  com- 
municates with  the  succeeding  block  station,  by  way 
of  hue  wire  and  rail,  through  the  coils  of  a  second 
magnet  (g).  This  latter  has  an  armature  (h)  w-hich 
acts  as  a  reversing  switch  for  battery  (j),  and  connects 
this  battery  with  the  points  (n)  and  (m)  of  the  rail,  on 
opposite  sides  of  an  insulated  joint.  When  armature 
(h)  is  attracted,  as  it  is  represented  in  lig.  i.  then  the 
current  from  (j)  tends  to  flow  in  the  rail  from  point 
(m)  to  point  (n)  ;  when  (h)  is  dropped,  the  current  tends 
to  flow  from  point  (n)  to  point  (m). 

The  operation  of  the  relay  instrument  and  its  electric 
circuits  may  now  be  readily  followed  out.  When  the 
track  A-B  is  clear,  then  magnet  (d)  is  energised  by 
track  battery  (c)  and  attracts  its  armature.  Similarly, 
when  block  B-C  is  clear,  magnet  (d')  at  B  attracts 
its  armature.  We  have  then  an  electric  circiiil  as 
shown,  from  battery  (j')  at  B,  through  (h')  and  wire 
(m'),  through  lever  (f)  back  to  instrument  .\,  cnergisuig 
magnet  (g).  and  back  through  rail  .\-B.  Arnnture 
(h)  is  then  attracted,  and  an  electric  pressure  is  set 
up  from  point  (m)  to  point  (n).  When  either  A-B  or 
BC  is  occupied,  then  the  circuit  through  the  coils  of 
(g)  is  broken,  at  (e)  or  at  (f),  respectively,  and  armature 
(h)  drops,  so  that  battery  (j)  tends  to  send  its  current 
from  (n)  to  (m)  through  the  rail.  This  pressure  between 
(n)  and  (m)  is  utilised  by  the  locomotive  equipment 
to  give  a  signal  in  the  engine  cab  when  the  engine 
crosses  the  joint  betw-een  (n)  and  (m). 

The  engine  equipment  may  have  several  different 
forms,  one  of  which  is  shown  above  the  track  in  figure. 
One  axle  each  of  engine  and  tender  (k)  and  (1),  are 
insulated  from  each  other,  and  are  connected  through 
the  coils  of  two  magnets,  (p)  and  (q).  The  armature 
which  plays  between  the  poles  of  these  magnets  is 
adapted  to  make  contact  at  (s)  or  at  (t).  completing  the 
circuit  of  a  battery  (u)  through  the  white  lamp  or  the 
red  lamp,  respectively.  When  the  engine  crosses  the 
insulating  joint  above  referred  to,  the  pressure  between 
(n)  and  (m)  causes  a  current  to  flow  through  the  coils 
of  magnets  (p)  and  (q).  and  the  direction  of  the  current 
determines  whether  the  armature  is  attracted  up  or 
down,  to  light  the  white  or  the  red  lamp.  When  the 
current  flows  from  (k)  to  (1),  then  the  armature  is 
attracted  downward,  lighting  the  red  lamp,  and  indi- 
cating that  either  block  A-B  or  block  B-C  is  occupied. 
When  both  blocks  are  clear  the  battery  (j)  sends  current 
from  (m)  to  (n)  or  by  way  of  axle  (1)  to  (k),  so  that  the 
armature  is  attracted  upward  and  the  white  lamp 
lights  up. 

It  will  be  noticed  that  a  small  battery  (r)  is  arranged 
on  the  engine  for  a  local  circuit  through  the  coil  of 
magnet  (q),  in  such  a  way  that  no  polarised  armature 
is  required,  while  at  the  same  time  the  battery  (r) 
acts  to  hold  the  armature  in  place,  either  up  or  down, 
while  passing  through  the  block.  When  an  insulated 
joint  is  reached  the  circuit  of  (r)  through  magnet  (p). 
by  way  of  the  rail  back  to  (1),  is  broken,  and  magnet 
(q)  being  still  energised,  the  armature  drops  and  lights 


the  red  lamp.  Thus  the  engine  always  gets  a  red  signal 
the  moment  it  passes  an  insulating  joint,  unless  at  the 
same  moment  the  "  Clear "  impulse  from  th.e  track 
relay  operates  to  keep  the  white  lamp  alight.  In  order 
to  avoid  this  action  while  crossing  the  insulating  rail 
joint  at  the  rear  end  of  block  A-B,  this  joint  in  the 
two  rails  is  staggered  longitudinally  a  distance  of  half 
a  rail-length,  or  at  least  a  distance  greater  than  the 
interval  between  axles  (k)  and  fl). 

New    Automatic     Circular     Sawing 
Machine. 

For  cutting  up  brass  and  copper  tubes,  bars  and 
sections,  a  new  automatic  circular  sawin.?  machine  is 
being  made  by  Messrs.  Edward  G.  Herbert,  Ltd.,  'of 
Manchester.  The  machine  is  entirely  self-acting,  so  that 
all  the  attendant  has  to  do  is  to  place  the  bars  between 
the  feed  rollers.  The  speed  of  cutting  can  be  varied 
from  6  to  6o  cuts  per  minute,  according  to  the  character 
of  the  work.      A  bar  is  placed  between  the   feed  rollers. 


.\UTOM.VriC    CIRCUL.VK    SAWIXG    M.4CHINE. 

and  the  machine  being  started,  alternately  feeds  the  bar 
forward  and  cuts  it  off.  When  the  bar  is  entirely  cut 
up,  the  repetition  mechanism  throws  itself  out  of  gear 
until  another  bar  is  put  in.  The  saw  is  provided  with  a 
quick  return  motion.  One  movement  of  a  handle  stops 
the  repetition  mechanism  at  any  time,  and  converts  the 
machine  into  an  ordinary  saw-  bench,  when  single  cuts 
can  be  made  by  hand.  The  machine  cuts  sections  of  any 
shape  and  any  size  up  to  2  in.  by  2  in.,  and  there  is  no 
limit  to  the  length  of  the  pieces  which  can  be  cut  off. 
The  saw,  the  gearing,  and  all  the  working  parts  arc 
enclosed  and  guarded. 


JOSEPH     HORNER. 
III. 

The  present  article  de.ils  with  the  .ai'ound  plans  ol  works,  ami  alter  seltiiiij  forth  his  theories 
(hereon,  the  author  describes  the  plans  followed  in  laying  out  a  number  of  typical  establishments. 
To  a  great  extent  the  illustrations  tell  their  own  story.  The  previous  articles  of  the  series  appeared 
in  the  March  and  .April  issues, — Ed. 


THE  GENERAL  PROBLEM  STATED. 


3  N  arranyinn  to  utilise  a 
piece  of  ground  to  the 
best  advantage  for  the 
laying  o>it  of  works, 
c  o  n  s  i  d  e  r  a  t  i  o  n  must 
first  be  given  to  the 
separate  floor  areas  re- 
quired for  the  ditiferent 
shops.  Then  follows 
their  location,  the 
problems  of  area  and 
location  often  conflict- 
ing, because  the  area 
required  is  not  always  available  in  the  location  that 
happens  to  be  the  most  suitable. 

Location  is  determined  by  live  things  :  The  class  of 
work  to  be  done,  and  its  volume;  the  area  required, 
and  that  which  is  available  ;  the  relation  to  means 
of  transit ;  the  relations  of  departments;  and  allowance 
for  expansion.  And  thus  it  happens  that  the  best 
place  for  a  shop  is  not  always  that  which  would  be 
selected  were  no  other  shops  to  be  considered. 

THE     CLASS     OF     WORK     TO     BE     DONE,     AND      ITS 
VOLUME. 

I'liis  generally  determines  whether  a  shop  shall  be 
placed  on  the  ground,  on  a  floor,  or  in  a  gallery. 
The  shops  which  must  always  be  on  the  ground  are 
the  smithy,  foundry,  boiler  and  plating,  and  heavy 
machine,  and  erecting  shops.  There  can  be  no  alterna- 
tive with  regard  to  these.  Those  which  may  alterna- 
tively be  on  upper  floors,  or  in  galleries  are  the  ofiices, 
the  pattern  shop  and  its  stores,  the  light  machine 
shops   and    turneries,    whitesmiths'    or    coppersmiths' 


shops,  light  fitting  shops,  light' electrical,  and  testing 
departments.  Offices  are  most  conveniently  located 
in  storied  buildings.  On  a  piece  of  ground  of  limited 
area  it  is  best  to  take  advantage  of  this  distinction, 
and  locate  the  ligliter  industries  on  floors,  or  in  galleries, 
"and  so  leave  a  margin  of  ground  area  for  the  future 
growth  of  the  heavy  departments,  rather  than  occupy 
all  the  area  at  once  with  shops,  some  of  which  may 
we.l  go  on  floors.  But  if,  on  the  other  hand,  there 
is  aniple  area  for  present  and  prospective  requirements 
it  is  generally  preferable  to  avoid  floors  altogether, 
and  allot  side  bays  or  wings  to  the  lighter  industries, 
flanking  the  heavy  shops  and  in  free  communication 
with  them.  An  exception  may  be  made  of  the  offices, 
and  in  some  instances  also  of  light  machines  and  lathes 
which  can  \orv  well  go  on  galleries  round  the  main 
shops. 

THE     AREA     REQUIRED,     AND     THAT    WHICH     IS 
AVAILABLE, 

The  dimensions  of  this  can  only  be  obtained  by 
careful  calculations,  based  on  the  output  of  each 
separate  shop.  There  is  no  rule  of  any  kind  by  which 
it  can  be  determined.  Thus,  one  establishment  having 
an  output  reckoned  by  tonnage  will  require  very 
different  shop  areas  from  another  of  about  equal 
output  but  enga;;ed  on  a  different  class  of  work. 

In  a  foundry,  the  number  of  sets  of  work  required  in 
a  week  will  appropriate  so  many  moulding  bo.\es  of 
certain  sizes,  and  these  will  occupy  an  easily  calculated 
amount  of  floor  area.  .Mlowance  must  be  made  for 
boxes  when  laid  ojien,  and  not  when  closed  for  i>ouriug. 
Room  must  be  allowed  for  unhampered  movements  of 
the  men  between  the  boxes,  for  fettling  areas,  stoves, 
pits,  etc.  Besides  these,  the  locations  and  sizes  of 
cupolas,  room  for. ladles,  sands,  and  other  stores  must 
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lie  provuI'Hl  for  on  as  libeiiil  a  basis  .is  the  areas  available 
will  permit  of.  In  marhine  shops  the  floor  areas  of 
the  machines  to  be  laid  down  will  bi*  taken,  the  widths 
of  gangways  allowed  between  them  to  permit  of  proper 
liandling  of  work,  the  .ireas  for  stands  and  racks,  main 
gangways,  and  so  on.  In  boiler  shops,  platers'  she«ls, 
and  smithies,  the  areas  must  be  reckoned  on  an  ample 
base  lor  the  maximum  sizes  of  work  that  have  to  occupy 
the  Mixirs  at  one  time.  Mere  the  Ifoor  spaces  wanted 
for  machines  and  forges  form  i  smaller  proportion 
of  the  total  than  they  do  in  the  machine  shops.  Every 
contingency  that  can  aiise  in  each  shop  must  be 
thought  over,  and  then  when  all  is  done,  the  judgment 
of  the  lirni,  or  of  their  adviser  has  to  decide  hov.-  much 
each  separate  shop  shall  exceed  the  calculated  areas, 
in  view  of  the  probable  growth  of  business  during  a 
reasonable  term  of  years.  Often  the  error  is  made 
of  underestimating  this,  and  sometimes  no  room  is  left 
available  for  extension  except  in  an  upward  direction. 

THE     RELATION     TO     MEANS     OF     TRANSIT. 

Ill  ri-i;ird  M  tlii_;  mailer  the  pnucipil  point  to 
emphasise  is  that  the  heaviest  departments  should,  be 
nearest  to  the  railway  siding,  canal  wharf,  or  roadway, 
whence  materials  are  to  be  taki  n  in.  and  from  which 
work  is  to  be  despatched.  The  foiindr\-,  the  boiler, 
and  plating  shops  require  the  heaviest  consignments  of 
raw  material,  the  heaviest  deliveries  being  made  from 
these,  ant!  from  the  heavy  machine  shops  and  erecting 
shops.  If  there  are  two  or  more  agencies  for  transit 
available,  then  one  may  offer  better  facilities  than  the 
other,  being  cither  cheaper,  or  more  directly  connected 
with  localities  whence  stores  are  obtained,  or  with 
ports  of  shipment.  Where  a  very  complete  system  of 
tracks  is  laid  down,  the  aforesaid  arrangement  is  of 
less  importance  than  it  would  be  in  the  absence  of  such 
a  system,  but  as  a  rule  the  heavy  shops  should  be  laid 
out  nearest  the  sidings  or  wharves.  The  locations  of 
the  pattern  shop,  the  smitliy,  the  bra.ss  foundry,  the 
offices,  are  matters  of  secondary  moment. 

THE     RELATIONS    OF     DEPARTMENTS. 

Ihe  general  rule-  nui.-l  often  be  nvnliiied,  however, 
by  the  next  condition — that  all  departments  should 
be  mntuallv  related.  This  means  not  merely  that  they 
shall  be  grouped  in  such  a  way  that  work  in  preparatory 
stages  shall  be  always  converging  towards  the  secondary 
and  finishing  departments,  but  also  that  the  means  of 
communication  between  the  several  related  departments 
shall  be  such  as  to  lessen,  as  far  as  possible,  the  employ- 
ment of  human  la'wur.  This,  however,  applies  more 
especially  to  massive  work.  Heavy  work  ought  not 
to  be  allowed  to  return  over  its  first  tracks,  that  is. 
It  should  not  be  taken  to  one  end  of  a  shop,  and  then 
back  again  to  make  its  exit  by  the  door  at  which  it 
entered,  and  so  take  a  circuitous  route  to  the  next 
department.  Labourers  should  neither  have  to  cart 
It  about,  nor  run  it  about  on  the  floors  and  yard, 
if  tram-lines  can  be  made  available.  But  here,  too, 
modifying  influences  may  exist.  Rapid  transit  by 
cranes  or  tracks  may  be  available,  and  work  may  thus 


be  taken  back'on  its  tracks  with  less  loss  than  would 
be  involved  in  a  different  arrangement  of  shops.  It 
is  chiefly  a  question  of  cheapness  and  ipiickness  of 
transport  b)'  cranes  or  locomotives. 

ALLOWANCE     FOR     EXPANSION. 

It  almost  goes  wtilunit  ^aylll^  that  in  all  new  works 
allowance  should  be  provided  for  expansion.  The 
question  will  of  course  be  considereil  in  putting  up 
new  buildings.  But  beyond  this  some  waste  land  ought 
to  be  retained  when  possible  for  the  erection  of  future 
buildings  shoidd  such  become  necessary  in  say,  five, 
ten,  or  lifteen  years'  time.  Few  firms  can  forecast  their 
])Otentialities  of  ex])ansioii,  and  a  wise  policy  should  be 
prepared  to  meet  eventualities.  New  m.anufactures 
spring  up  in  very  short  periods,  as  witness  the  electrical 
industry,  or  specially  the  electric  tramway  industry. 
Even  if  the  whole  of  the  ground  is  never  reipiired.  such 
an  area  is  always  valuable  for  the  temporary  storage 
of  iron  and  timber,  for  the  erection  of  massive  work, 
especially  cranes,  bridge,  and  similar  plated  work ; 
while  its  value  as  an  investment  to  let  or  sell  increases 
with  the  lapse  of  time.  It  has  often  been  an  occasion 
of  regret  to  firms  that  they  have  allowed  opportunities 
for  the  acquisition  of  ground  to  slip  through  their 
fingers,  and  have  afterwards  been  obliged  to  purchase 
at  an  enhanced  price,  or  not  at  all.  The  failure  to 
secure  sufficient  land  at  an  early  period  has  been  the 
reason  for  the  division,  and  also  for  the  migration  of 
firms.  These  latter  prefer  to  make  a  fresh  start  away 
from  the  town,  on  plenty  of  land,  instead  of  remaining 
in  a  crowrled  district,  or  building  separate  detached 
works,  with  their  many  disadvantages  due  to  separation 
from  the  other  shops. 

LARGE    AND    SMALL    WORKS. 

The  problems  to  be  attacked  are  not  alike  when 
commencing  to  plan  out  large  works  on  the  one  hand, 
or  small  ones  on  the  other.  The  shops  of  greatest 
magnitude  must  be  laid  out  without  much  regard  to 
those  of  lesser  magnitude,  but  in  small  works  all  the 
shops  must  be  considered  of  nearly  equal  importance. 
This  will  be  clearer  if  we  take  a  typical  example  or  two. 

In  large  lirms  the  biggest  and  most  important  shops 
are  the  foundry,  smithy,  plating  and  boiler-making 
departments,  the  machine  shop  and  turnery,  titling 
and  erecting  shops,  and  the  yard.  But  many  small 
works  have  no  foundry,  no  plating  or  boiler-making 
shops.  Many  works  of  fair  size  are  destitute  of  the 
latter,  and  comprise  chiefly  foundry,  smithy,  machine 
shop  and  turnery,  fitting  and  erecting  shops,  and 
yard.  The  other  small  departments  need  not  be 
enumerated,  but  it  is  always  possible  to  find  room 
for  these  in  a  scheme  which  provided  first  for  the 
major  ones  nametl.  Again,  in  firms  where  all  these 
shops  are  represented,  it  does  not  always  happen  that 
they  exist  in  normal  proportions.  In  normal  works 
the  foundry  and  machine  shops  are  the  princiiial 
departments,  and  are  much  larger  than  any  others. 
But  in  special  industries  the  works  may  be  a  congeries 
of   numerous     small     shops    only.      Or,   one  or   two 
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di'partiiU'ini;,  Init  sli'^litlv  ri'piosLiiti'ii  m  iKirmal  \voik>. 
may  assume  large  proportions,  assay  coppcrsmithing,  or 
plate  moulding,  or  die  forging,  or  brass  finishing.  So 
tliat  we  have  the  case  of  firms  in  which  the  manufacture 
of  castings  is  the  principal  department  ;  that  of  others 
where  the  machine  shop  and  turnery  constitute  nearly 
the  whole  of  the  works,  castings  being  procured  out  ; 
and  others  in  which  stamping  shops  form  the  centr?l 
and  chief  part  of  the  works.  Some,  again,  are  boiler- 
making  shops  only.  In  some  also  bridge  and  girder 
work,  and  plated  work  occupy  the  entire  area,  Avith 
a  few  small,  but  necessary,  subsidiary  shops.  All  these 
involve  problems  different  from  those  which  arise  in 
the  normal  or  ordinary  engineers'  works  that  contain 
all  the  departments  noted  in  the  previous  article  of 
this  series. 

NORMAL     WORKS. 

Taking  the  case  lirst  of  a  lirm  in  which  all  tlie  depart- 
'  meuts  occur  in  what  we  mav  term  normal,  or  commonly 
balanced  proportions,  and  in  which  ample  ground  area 
is  available,  the  best  arrangement  of  the  shops  is  that 
wlioily  on  ground  floors,  the  othces  only  being  storied 
buildings.  Legitimate  exceptions  occur  when  products 
of  the  lirms  con.sist  altogether,  or  mainly  of  small 
articles,  though  even  in  this  case  tall  buildings  have 
no  advantages  over  ground  areas,  e.xcepting  that  of 
occupying  less  ground,  and  costing  less  for  foundations 
piid  roofs.  The  mere  compactness  of  the  arrangement 
is  of  little  or  no  advantage,  and  a  great  objection  to 
stories  is  the  loss  of  light  caused  by  the  substitution 
of  ceilings  for  a  roof. 

.•\  combination  of  the  two  systems  is,  however, 
advantageous,  when  it  is  desired  to  reserve  some  vacant 
space  for  expansion.  Stories  can  be  utilised  for 
pattern  making,  and  pattern  stores,  for  hght  carpentry, 
light  machines,  and  fitting  and  assembling,  and  also  for 
coppersmiths,  and  white-smiths'  work.  But  these 
ought  not  to  be  placed  over  the  foundry,  or  boiler  shop. 
or  smithy,  or  even  over  the  hea\y  turnery  and  machine 
shops,  where  they  would  block  the  light  from  the 
shops  below.     They  should  be  in  separate  buildings. 

THE     LAY     OF     THE     MAIN     SHOPS. 

The  lay  of  the  main  shops  is  the  paramount  con- 
sideration. They  must  be  determined  with  regard  to 
their  requirements,  to  which  the  lesser  ones  must, 
if  need  be,  be  subservient.  The  best  designs  in  existence 
can  be  broadly  divided  into  three  groups,  that  in  which 
the  shops  run  in  parallel  lines,  that  in  which  they  form 
three  sides  of  a  rectangle  enclosing  a  yard,  which  may. 
or  may  not,  be  partly  occupied  by  other  shops.  an<l 
that  in  which  isolated  blocks  of  buildings  are  grouped 
or  scattered  over  the  areas.  We  will  consider  these 
separately. 

SHOPS    RUNNING     IN     PARALLEL     LINES. 

These  represent  the  mo.-.t  approved  designs  of  what 
we  may  term  the  normal  type  of  engineers'  works;  but 
in  order  to  carry  out  this  ideal  properly,  a  nearly 
rectangular  piece  of  ground  is  necessary.  If  a  tapering 
or  a  wedge-shaped  piece  of  ground  has  to  t)e  utilised. 


tiieu  stuue  sliops  uuini  run  acrtiss  u  at  the  wider  porlitiii, 
and  others  lie  at  right  angles  with  these  at  the  narrower 
end.  To  this  there  is  no  objection  provided  theMue 
relations  of  the  shops  and  their  means  of  inter -com- 
munication, already  noted,  are  provided  for. 

The  advantages  of  running  shops  in  parallel  lines 
are  these  :  A  line  of  rails  can  be  brought  along  ^in 
front  of  one,  or  of  both  ends  of  the  buildings,  and  a 
turntable  be  located  opposite  each  doorway  for  ruiiniu^ 
of  stuff  into  and  out  of  each.  Ground  is  economised, 
since  instead  of  having  narrow  strips  of  yard  between 
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shops,  which  are  of  Httle  vahie.  the  yanl  nmni  available 
is  thrown  into  a  large  area  or  areas  common  to  all 
the  shops.  Further,  the  yards  at  each  end.  can.  when 
the  nature  of  the  work  done  renders  it  desirable,  be 
served  by  out-door  cranes,  either  of  Cloliath.  or  traveller 
type,  or  of  portable  balance  types,  that  will  supplement 
the  trolleys  or  else  take  their  place.  The  arrangement 
in  line,  moreover,  pern. its  of  uniformity  of  design 
in  regard  to  dimensions,  the  lighting,  the  cranes,  and 
so  forth.  There  is  no  reason  why  different  niain  designs 
should  be  adoptetl  say  for  the  foundry,  boiler  shop, 
plating  shop,  smithy,  machine  shop,  turnery,  and 
erecting  shops.      J'he  onlv  differences  that  are  essential 
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occur  in  the  dimensions,  and  their  internal  arrange- 
ments, and  some  subsidiary  )x>rlions  of  the  buildings. 
With  regard  to  light,  it  is  better  to  have  the  shops 
arranged  in  such  a  way  that  the  roofs  all  lie  in  one 
direction.  Many  prefer  the  saw  tooth  type  and  north 
light,  but  the  majority  do  not  carry  utilitarianism  so 
far.  But  the  question  of  light  will  be  considered  in 
another  article.  With  regard  to  cranes  the  long  shops 
of  uniform  section  throughout  are  necessary  if  the 
economies  of  overhead  travelling  cranes,  or  of  o\^erhead 
tracks  for  hoists  are  to  be  taken  full  advantage  of. 
And,  as  a  broad  statement,  it  is  better  from  every  point 
of  view  to  have  shops  of  similar  sections  running  in 
parallel  lines,  than  to  adopt 
a  heterogeneous  arrange- 
ment. 


SHOPS  THAT  FORM  THREE 
SIDES  OF  A  RECTANGLE 
ENCLOSING  A  YARD, 
WHICH  MAY  OR  MAY 
NOT  BE  PARTLY  OC- 
CUPIED BY  OTHER 
SHOPS, 

1  111-,  design  is  usually 
associated  with  the  storied 
buildings.  Here  the  chief 
advantage  is  that  a  yard 
is  enclosed  into  which 
material  is  brought,  aiul 
from  which  goods  are 
delivered,  and  which  may 
be  utilised  for  the  erection 
of  work  in  the  open,  or 
under  an  open-sided  shed. 
Here  it  may  be  painted 
and  packed.  The  area  can 
be  served  with  rails,  or  a 
crane,  or  both.  With 
regard  to  the  internal 
arrangements  of  the  floors 
in  these,  all  the  shops  on 
a  storey  are,  or  should  be. 
closely  related.  If  the 
works  are,  say,  a  brass 
founders',  the  casting,  and 
fettling  will  all  be  done  in 
the  basement.  The  lathes 
and  machine  tools  should 
l)e  on  the  first  floor,  and 
the  fitting  and  finishing 
departments  on  the  next. 
Inter -communication  of 
floors  is  bv  means  of  stairs 
for  men,  and  lifts  for  work, 
or  trap  doors.  The  best 
arrangement  is  that  of  iron 
stairs  outside  the  building, 
facing  the  enclosed  \ard, 
for  the  nse  of  the  hands, 
and  cranes  outside  for  the 
materials,       supplemented 
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b\-  lifts  within.  This  rtrrangement  of  shops  is 
the  only  one  possible  for  firms  in  crowded  cities.  And 
even  in  the  suburbs  it  is  well  suited  to  the  lighter 
engineering  industries,  as  brass  work  of  all  kinds,  hght 
machine  tools,  motor  and  cycle  works,  pitch  chains, 
small  engines,  small  tools,  .-md  similar  classes  of  work. 

ISOLATED      BLOCKS      OF       BUILDINGS      WHICH       ARE 
GROUPED     OR     SCATTERED     OVER     THE     AREAS. 

i  hese  include  the  largest  number  of  the  older  engi- 
neers' works  in  existence  and  they  will  always  bo  in 
evidence  because  of  the  c\er-growing  need  for  expansion 


of  businesses  for  which  new  buildings  have  to  be 
provided.  Another  explanation  exists  in  the  addition 
of  new  departments,  and  more  minute  specialisation. 
Thus,  a  frequent  addition  to  the  works  of  old  firms  is  a 
foundry.  Many  firms  have  developed  a  very  big  trade 
before  deciding  to  build  a  foundry  of  their  own.  Some- 
times it  is  a  boiler  or  plating  shop  that  is  added,  or  a 
stamping  shop,  or  a  grinding  department.  In  others 
it  is  an  electrical  .shop,  or  the  work  of  the  machine  shop 
and  turnery  becomes  more  differentiated.  And  thus 
many  factories  grow  uito  a  perfect  maze  of  shops, 
among  which  a  stranger  might  easily  get  lost. 
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But  some  work?  are  laid  out  in  blocks  of  Iiuildings 
from  the  first,  even  when  the  ground  available  would 
])€rmit  of  running  the  shops  in  parallel  lines.  These 
irc.  however,  often  storied  buildings,  in  which  case,  of 
course,  parallel  shops  adjacent  to  each  other  would 
interfere  with  the  lighting  of  the  lower  floors.  In  these 
cases,  and  in  others  «h'ere  the  isolated  block  system  is 
adopted,  the  lay  c^f  the  buildings  should  be  either 
parallel,  or  at  right  angles  with  each  other,  never  giving 
tapering  patches  of  ground  between  shops.  In  these 
designs  complete  provision  should  always  be  made  for 
free  intercommunication  between  related  shops,  that 
is  between  shops  through  which  the  work  has  to  pass 
in  immediate  succession. 

THE     OFFICES. 

The  {X)sition  of  the  offices  Ls  an  economical  question 
.mly  so  far  as  it  affects  the  movements  of  the  principals, 
managers,  and  foremen.  There  is  a  constant  passing 
to  and  fro  of  the  heads  of  the  works  and  the  staflf  for 
consultations,  visits,  etc.,  and  in  a  big  works  it  is  well 
to  lessen  distances  as  much  as  can  be  done.  But  much 
time  is  now  saved  by  having  every  manager's  and 
foreman's  oflice  in  telephonic  communication  with  the 
general  offices,  so  that  a  walk  is  frequently  saved.  If 
the  offices  can  be  situated  about  centrally  with  the  works 
front,  without  separating  cognate  departments,  that  is 


its  best  position.     If  not.  a  corner  of  the  frontage  is 

tlif  ne.\t  best. 

THE     GATES. 

Small  works  generally  have  but  one  gate,  large  ones 

must  have  several  if  congestion  is  to  be  avoided,     .^s 

all  materials  have  to  be  booked  and  weighed  in,  and  all 

•inished  work  weighed  and  booked  out,  much  clerical 

labour  is  involved.     Big  firms  may  be  served  by  rail, 

canal,  or  river,  and  road,  and  each  requires  its  own 

office    and    entrance    gate.     The    men's    entrance    or 

entrances  are  often  alongside  one  of  the  weigh  offices, 

but  this  is  not  essential.     In  big  works  it  is  better  to 

have  more  than  one  entrance  to  avoid  crowding  at  meal 

times. 

REMARKS    ON    TYPICAL    WORKS. 

The  present  article  is  illustrated  with  ground  plans 
of  works  which  are  selected  as  being  typical  of  diverse 
departments  of  engineering  practice.  They  represent 
works  that  are  very  specialised  on  the  one  hand,  and 
very  comprehensive  in  character  on  the  other.  We 
have  e.\amples  of  very  large  establishments,  and  of 
those  of  medium  dimensions,  works  situated  on  nearly 
rectangular  plots  of  ground,  and  those  on  plots  of  less 
regular  shape.  A  study  of  some  of  their  leading 
arrangements  will  help  to  an  intelligent  grasp  of  the 
problems  involved.  The  names  of  the  various  depart- 
ments are  printed  so  that  ready  references  can  be  made. 
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THE     OTTO     GAS     ENGINE     WORKS. 

Tlu'  works  of  Mtssrs.  Crossliy  Brotlicrs,  LUl.,  at 
Opeiishaw,  near  Manchester,  afford  an  example  of  a 
liighly  specialised  industry  involving  a  large  number 
of  distinct  shops.  In  these  works  (see  jiage  -t.:6) 
about  1,500  hands  are  employed,  and  from  thcni  the 
weekly  output  of  engines  averages  about  1,000  b.h.p. 
The  works  cover  an  area  of  about  nine  acres,'  of  which 
seven  acres  are  occupied  by  shops.  .Xs  the  firm  makes 
its  own  castings,  the  foundries  take  up  a  large 
slice  of  the  works.  Jhe  main  foundry  comprises  two 
bays,  having  free  communication  with  each  other,  but 
ha\-)ng  the  light  and  heavy  work  separated.  Besides 
tliese  there  is  a  third  foundry  separated  from  the  main 
building  by  a  wall,  and  having  its  own  cupola,  and 
core  stoves.  Away  from  these  is  another,  also  with  its 
own  cupola,  and  stove,  and  sand  shed,  specially  equipped 
for  plate  moulding.  The  brass  foundry  again  lies 
on  the  farther  side  of  the  machine  shop. 

Immediately  adjacent  to  the  iron  foundry  are  the 
machine  shop  and  turnery,  in  an  immense  rectangular 
building  of  four  bays  communicating  with  each  other. 
The  side  farthest  from  the  foundry  is  equijiped  with 
a  tool  room,  a  tool  room  smithy,  an  adjacent  grinding 
room,  and  a  gallery,  which,  though  it  looks  small 
upon  the  plan,  contains  something  like  170  small 
machine  tools,  126  of  these  being  lathes.  These  tools 
are  driven  by  a  20-h.p.  engine.  On  the  side  next  the 
foundry  lies  the  fettling  shed,  and  the  casting  store, 
so  that  the  work  always  moves  without  loss  of  time 
from  foundry  to  machine  shop  and  turner)-. 

There  is  an  immense  amount  of  machining  to  be  done 
on  ga.s  engine  work.  The  beds  and  cylinders  require 
large  tools,  and  a  lot  of  room,  which  explains  the  reason 
for  the  vast  extent  of  this  department.  The  erecting  is 
apportioned  between  separate  shops,  of  which  there  are 
three — one  for  the  heavy,  one  for  the  light,  and  the  third 
for  the  smallest  engines,  of  i-h.p.  only.  The  testing 
shops  are  bays  under  the  same  roof  as  the  erecting  ones. 

The  minor  departments  are  the  following  ;  The 
pattern  shop,  and  the  millwTights'  shop,  close  to  the 
foundry.  The  pattern  stores  include  three  buildings 
•  right  away  from  all  shops,  so  that  risks  of  fire 
are  diminished.  A  rather  large  department  is  the 
material  stores,  where  e\ervthing  necessary  for  the 
machine  and  erecting  shops  is  kept.  The  smithy  lies 
between  the  main  fo\indry  and  the  plate-moulding 
shop.  Adjacent  to  it  lies  the  pipe  and  gas  bag  shop, 
the  plumbers'  shop,  a  general  jobbing  shoji,  and  a 
small  shop  for  experimental  work.  The  painting  shop 
is  of  large  dimensions  close  to  the  testing  departments. 
The  offices  are  situated  in  one  corner  of  the  works,  and 
do  not  therefore  interfere  with,  or  block  shop  arrange- 
ments. The  gas  plant  is  situated  at  the  opposite  corner, 
away  from  buildings.  Two  systems  are  in  use,  the 
Dowson  and  the  Crossley,  the  latter  to  the  extent  of 
about  600  h.p.  which  the  firm  put  down  three  years 
ago.  A  total  of  about  1,000  h.p.  is  required  for  driving 
the  works,  the  system  adopted  being  sets  of  gas  engines 
located  in  various  shops. 


It  is  interesting  to  ob.serve  that  these  works  are 
an  example  of  development  with  growing  business. 
Various  other  details  are  indicated  on  the  plan  whicli 
we  need  not  dwell  upon.  We  will  merely  note  the 
connections  of  sewers,  the  entrances  to  Whitwortli 
.Street,  Clayton  Lane,  and  Pottery  I.ane,  and  the  main 
tracks  into  and  out  of  the  works  connecting  to  the  Great 
Central  Kailwav. 

THE     BRITISH     WESTINGHOUSE     WORKS. 

The  works  at  I'rafiord  I'ark,  nuwlv  built  li\  llie  Britisli 
Westinghonse  Electric  and  Manufacturing  Company, 
i.td.  are  full  of  interest  from  whatever  point  of  view 
they  are  regarded  :  but  for  the  present  we  consider 
the  plan  arrangements  only.  The  firm  was  in  the 
enviable  position  of  being  able  to  build  brand  new 
works  for  a  business,  in  the  conduct  of  which  an  exten- 
sive experience  had  been  already  gathered  in  America. 
There  is  therefore,  nothing  of  a  makeshift  character, 
no  hampering  in  design,  through  lack  of  space,  or  of 
capital.  -Ml  the  leading  arrangements  were  planned 
before  the  works  were  begun.  The  approximate  floor 
area  of  the  buildings  is  30  acres.  With  the  exception 
of  the  ofiices,  which  are  six  stories  high,  and  tlie 
galleries  of  the  three  narrow  bays  of  the  machine 
shop,  the  works  are  all  laid  out  on  the  ground 
floor.  All  the  shops  rui^  in  one  direction,  in 
perfectly  parallel  lines,  nearly  north  and  south.  Tlie 
Bridgwater  Canal  bounds  two  sides  of  the  area.  A 
perfect  system  of  standard  gauge  tracks  connects  tlie 
yard  and  shops  with  the  Cheshire  and  the  Lancashire 
lines.  Turntables  and  sidings  make  rapid  communica- 
tion with  the  shops,  the  yard  and  the  railway  lines. 
It  is  not  easy  to  realise  the  vastness  of  the  system  by  a 
mere  inspection  of  the  plan,  but  there  are  about  10  miles 
of  tracks  within  the  area  of  the  works,  a  length  about 
equal  to  that  from  EnfieUl  to  London  Bridge,  or 
from  the  Bank  to  Richmond,  as  the  crow  flies.  Tlie 
immense  machine  shop  measures  900  ft.  in  lengtli, 
by  427  ft.  in  width.  Its  length, .therefore,  is  close  upon 
200  ft.  greater  than  that  of  the  Oieaiiic.  Its  width 
is  divided  into  five  bays,  the  roofs  being  carried  on 
steel  columns.  This  shop  alone  has  absorbed  9,000  tons 
of  steel  in  its  construction. 

Communication  between  the  shops  is  to  be  supple- 
mented by  powerful  cranes.  Two  sets  of  overhead 
travellers  will  connect  the  northern  ends  of  the 
foundries  ami  the  machine  shop,  and  two  similar 
craneways  will  run  between  the  steel  foundry  and 
the  machine  shop.  Numerous  overhead  travellers 
and  other  types  of  cranes  and  elevators  also 
serve  the  interiors  of  the  shops.  The  most  ami^U- 
provision  therefore  exists  for  the  handling  of  material 
and  work.  Other  details  relating  to  the  works  will  be 
noticed  in  their  suitable  connections;  at  present  we  are 
considering  jilan  arrangements. 

THE     EMPRESS     WORKS. 

.\nother  tvpc  of  works  is  partly  illustrated  in  the 
ground  plan  of  the  Einiiress  Foundry,  of  Messrs.  Isaac 
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Storey  and  Sons,  Ltd..  at  Manchester,  the  staple  pro- 
ductions of  which  are  steam  pumps,  feed-water  heaters, 
condensini;  plants,  lirass  fittings,  copj')ersmiths'  work, 
etc.  This  is  a  case  of  an  old  firm,  established  in 
ii-'37,  at  Knott  Mill,  in  Manchester,  outgrowing  its 
environment,  and  migrating  to  Old  Trafllord,  the  works 
at  which  are  shown  in  the  jilan  on  page  430.  This  also 
is  an  illustration  of  a  rectangular  area  laid  out  with  the 
object  of  very  economical  handling  of  work.  The  shops 
face  Empress  Street  on  one  side,  the  Manchester  South 
Junction,  and  Altrincham  Railway  runs  along  the 
western  boundary,  and  .1  siding  connects  it  to  the  works. 
The  Ship  Canal  Docks  are  close  by.  Narrow  gauge 
tracks  afford  communication  between  the  loatling 
platform,  the  machine  shop,  the  coppersmiths'  shop, 
foumlry.  and  fettling  shop.  The  plan  indicates  very 
completely  the  inner  arrangements  of  the  shops, 
benches,  lathes,  cranes,  and  the  rest,  which  are  self 
e.\planator>-.  In  these  works  the  brass  foundry  and 
the  coppersmiths'  shop  occtipy  larger  relative  areas 
than  they  have  in  previous  illustrations.  Only  in  a 
firm  doing  a  specialised  business  do  these  departments 
assume  such  prominence.  As  much  as  two  tons  of 
brass  can  be  melted  at  once.  Kach  of  these  shops 
measures  100  ft.  by  40  ft.  In  each,  a  clear  space  is  left 
between  the  walls  for  travelling  cranes.  The  roofs,  by  the 
way,  are  of  saw-tooth  type,  with  north  lights.  These 
shops  were  built  some  years  before  the  machine  shops 
and  offices.  The  machine  and  erecting  shops  are  120  ft. 
long  by  80  ft.  wide.  There  is  a  40  ft.  clear  space 
down  the  centre,  served  by  a  lo-ton  overhead  electric 
traveller,  and  two  jib  cranes  of  30  cwt.  capacity  each. 
A  gallery  runs  round  three  sides,  occupied  by  light 
machine  tools,  used  chieHy  for  brass  finishing.  Fitters' 
benches  and  machine  tools  are  arranged  under  one 
gallery.  Under  another  are  works  stores,  and  the 
testing  room  for  steam  and  water  tests.  Under  the 
third  lies  the  tool  room.  The  offices  are  storied  build- 
ings, the  offices  proper  occupying  the  first  floor.  The 
warehouse  and  packing  room  are  beneath,  and  a  mess 
room  is  underneath  this  in  the  basement.  There  is  also 
a  room  for  the  office  staff,  with  kitchen  and  lavatory- 
The  second  floor  is  used  for  photographic  processes, 
electric  copying  being  employed,  and  here  the  drawing 
office  is  located.  With  these  exceptions,  and  the 
galleries,  the  works  are  built  on  a  ground  floor  system. 
As  will  be  inferred  from  the  details  at  the  bottom  right 
hand  corner  of  the  plan,  the  -works  are  served  by 
electricity.  Both  power  and  light  ire  supplied  thus. 
The  main  switchboard  provides  main  feeders  for  both 
the  power  and  lighting  current  to  local  distributing 
boards,  in  convenient  places  in  the  shops.  The  current 
fronrany  dynamo  can  be  used  for  power  or  lighting  in 
anv  part  of  the  works.  The  motors  in  the  shops  supply 
groups  of  tools  through  short  line  shafts. 

THE     BIRMINGHAM     SMALL    ARMS    WORKS. 

Works[of  ipiile  a  dillerent  cliaracter  are  those  of  the  Bir- 
mingham Small  Arms  Company,  Ltd.  Here  the  dominant 
feature  is  the  association  of  a  large  number  of  depart- 
ments that  .-ire  not  so  dissimilar  in  dimensions  as  those 


in  a  general  engineers'  works.  The  foundry,  for  e.\ample. 
is  3  small  shop.  The  largest  departments  are  the  shops 
in  which  tlie  component  parts  of  guns  and  of  cycles 
are  prepared,  am!  these  are  subdivided  among  several 
workrooms.  It  is  an  interesting  illustration  of  the 
compact,  self-contained  type  of  works  arranged  mostly 
on  rectangular  dispositions,  and  well  situated  in  regard 
to  transit — a  railway  Hanking  one  side,  a  canal  the 
other,  and  one  end.  Two  roadways  intersect  the 
shops. 

THE    REDMAN     WORKS.  a 

The  next  ilUistralion  is  thai  of  the  ground  plan  of  the 
machine  tool  works  of  Messrs.  C.  Redman  and  Sons,  of 
Halifax.  This  is  an  example  of  a  shop  occupied  wholly 
with  the  building  of  machine  tools.  It  is  a  one-floor 
shop,  the  slight  exception  being  the  drawing  office,  and 
pattern  shop,  over  the  boiler  and  engine  house.  This 
is  a  new  factory,  built  about  ten  years  ago  to  take  the 
place  of  previous  shops  which  the  business  of  the  firm 
had  outgrown.  The  building  includes  five  bays,  com- 
municating with  each  other,  the  roof  columns  alone 
forming  the  divisions  between  bays.  The  three  central 
ones  are  occupied  with  lathes  and  various  machine 
tools,  the  two  side  ones  being  reserved  for  erecting — 
one  for  light  the  other  for  heavy  tools.  These  are 
served  by  travelling  cranes  of  five  and  ten  tons  power 
respectivelv.     The  offices  are  situated  at  one  corner. 

THE     WITTON     WORKS     OF     THE     GENERAL 
ELECTRIC     COMPANY,     LTD. 

The  ground  plan  of  the  new  Witton  works  of  the 
f.eneral  Electric  Company.  Ltd.  (who  have  several  other 
factories  also),  is  roughly  triangular  in  form,  not  the 
most  economical  or  desirable.  But  it  has  the  great 
advantage  of  being  bounded  on  two  sides  by  a  railway 
and  a  canal.  These  are  also  works  in  which  the  industries 
carried  on  are  very  diverse  in  character  ;  including  the 
engineering  section,  the  foundry,  the  carbon  works,  and 
the  conduit  works,  which  it  is  just  as  well  not  to  crowd 
together.  And  above  all,  there  is  ample  room  for 
extensions  to  be  made  around  cnch  existing  ^-roup  of 
work-^ 

THE     BABCOCK     AND     WILCOX     WORKS     AT 
RENFREW. 

The  works  of  Messrs.  Babcock  and  Wilcox.  Ltd.,  at 
South  Renfrew,  are  an  excellent  illustration  of  a  great 
boiler  factory,  laid  out  on  a  rectangular  plan.  As  the 
work  is  mostly  heavy,  an  ample  plant  of  tracks  is  laid 
down.  .\  large  plot  of  ground  is  available  for  exten- 
sions. The  works  are  bounded  on  one  side  by  a  railway, 
on  the  other  by  a  stream,  on  a  third  by  a  public  ro.-id. 
The  offices  are  at  one  corner,  and  these,  and  the  pattern 
shop  are  storied  buildings.  The  remainder  are  single 
floor  shops.  .\s  there  is  a  considerable  amount  of  cast 
work  in  water-tube  boiler  work,  the  foundry  is  a  big 
shop.  The  largest  single  building  is  the  marine  shop, 
where  the  boilers  are  erected.  The  plan  does  not 
indicate  the  extent  of  this,  nor  of  the  machine  shops 
and  those  immediately  adjacent.  The  marine  shop  for 
example,  has  four  bays,  and  is  covered  by  as  many 
roofs,  and  the  other  shops  are  also  of  several  bays. 


'HE  event  of  the  past 
month  in  locomo- 
tive history  has  undoubt- 
edly been  the  advent  of 
the  first  of  the  new  ex- 
press engines  designed  for 
the  Caledonian  liailway 
by  Mr.  J.  F.  M'Intosh  and 
built  at  the  St.  RoUox 
Works.  This  engine, 
No.  49,  entirely  tran- 
scends in  point  of  dimen- 
sions and  power  all  other 
types  of  passenger  loco- 
motives hitherto  placed 
upon  British  metals.  It 
also  affords  another 
amusing  illustration  of 
the  utter  futility  of 
asserting  any  particular 
set  of  dnnensions  to  represent  "  the  ultimatum  for  the 
4-ft.  8^-in.  gauge."  This  "  ultimatum  "  was  reached — 
on  paper — so  long  ago  as  the  year  1850,  when  Mr.  T.  R. 
Crampton  pronounced  his  eight-wheeled  8-ft.  snigle- 
driver  engine  "  Liverpool,"  which  he  designed  for  the 
London  and  Xorth-Westeru  Railway,  to  have  fulfilled 
that  limitation.  He  boldly  pronounced  it  to  be  "  the 
ultimatum  for  the  4-ft.  8i-in.  gauge,"  intending  it  as 
a  counterblast  to  Sir  Daniel  (then  Mr.)  Gooch's  "  Great 
Western  "  type,  which  had  been  deemed  the  "  ultimatum 
for  the  /-ft.  gauge."  Mr.  M'Intosh  believes,  with  much 
show  of  reason,  that  in  his  new  locomotive  colossus 
he,  too,  has  produced  an  "  ultimatum,"  as  Mr.  Crampton 
thought  he  had  done  in  1850,  and  as  Mr.  J.  A.  F.  Aspinall 
thought  he,  too,  had  achieved  with  his  No.  1400  in 
1899.  But  "  ultimatums  "of  this  sort  have  an  awkward 
knack  of  getting  unexpectedly  beaten,  and  there  is 
already  a  rumour  afloat  that  even  this  new  Caledonian 
colossus  is  about  to  be  surpassed  by  a  Nortli-Eastern 
engine  of  such  gigantic  proportions  that  there  will  be 
no  room  for  any  visible  chimney  at  all  outside  the  top 
of  its  enormous  boiler. 


ANTECEDENT     COLOSSI. 

The  "  ultimatum  "  oi  litty-three  years  ago  was  a 
very  mighty  monster  for  those  early  days  in  railway 
history,  and  even  now  several  of  its  dimensions  would 
be  deemed  more  than  highly  respectable.  For  example, 
its  total  heating-surface  is  stated  to  have  amounted  to 
no  less  than  2,290  square  feet,  which  of  course  com- 
pletely swamped  the  1,952  square  feet  of  the  Gooch 
8-ft.  single-wheelers  on  the  Great  Western,  and  sur- 
passes not  only  the  2,052  square  feet  of  Mr.  Aspinall's 
"  1400  "  on  the  Lancashire  and  Yorkshire,  and  Mr. 
P.  Drummond's  "  Castle  "  type  on  the  Highland  line, 
but  also  even  the  2,275  square  feet  of  the  du  Bousquet 
de  Glehn  "  Atlantics  "  on  the  French  Northern  line. 
It  also  approaches  very  closely  the  2,400  square  feet 
possessed  by  Mr.  M'Intosh's  new  giant,  by  Mr.  W- 
Dean's  No.  100  on  the  Great  Western,  and  Mr. 
H.  A.  Ivatt's  No.  251  on  the  Great  Northern. 
This  affords  an  apt  illustration  of  the  frequent  untrust- 
worthiness  of  mere  statistical  figures  in  matters  of 
comparison.  Heating-surface  area  is  frequently  quoted 
as  if  it  were  the  sole  touchstone  of  locomotive  boiler 
power.  Yet  here  we  find  an  engine  built  fifty-three 
years  ago  which,  tested  by  the  gauge  of  heating-surface, 
possessed  boiler  power  practically  equal  to  that  of 
nearly  all  the  most  recent  British  and  French  types. 
It  is  hardly  necessary  to  set  forth  the  fallacy  of  such  a 
comparison,  but  it  may  be  well  to  lay  some  stress  on 
the  fact  that  a  square  foot. of  heating-surface  may  be 
worth  a  great  deal  or  a  very  little,  according  to  its 
position  and  disposition.  That  vast  area  of  2,290 
square  feet  in  the  old  Crampton  engine  "  Liverpool  " 
was  in  reality  not  nearly  so  effective  as  half  the  area 
would  have  been  if  more  judiciously  disposed.  An 
examination  of  the  drawings  and  details  at  once  shows 
that  the  tubes  were  too  numerous  and  too  closely 
crowded  together  to  possess  anything  like  their  proper 
efficacy.  Indeed,  it  has  been  said  that  a  great  part 
of  the  boiler  as  thus  arranged  was  fillel  with  msre 
froth  of  little  real  value  in  the  production  of  power. 

OTHER    DIFFERENCES. 

Further,      whereas     the     C  raniptou      "  ultimatum." 
"  Liverpool,"     of     1850     weighed    but    35     tons,    Mr 
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M'Intosh's  No.  49  weighs  more  than  double  that 
amount,  namely  73  tons.  The  Crampton  engine  ha<l 
cylinders  only  1 8  in.  by  24  in. — a  very  large  size,  too,  for 
those  days,  equalled  only  by  the  cylinders  of  the 
Gooch  Great  Western  engines — the  cylinders  of  the 
M'Intosh  engine  are  21  in.  by  26in.  .•\gain,  theCrampton 
engine  had  only  a  single  pair  of  driving-wheels  8  ft. 
in  diameter  and  14  tons  total  adhesion  weight.  The 
M'Intosh  engine  had  six  driving-wheels  each  of  0  ft.  6  in. 
diameter,  and  a  total  adhesion  weight  of  54  tons — 
18  tons  per  axle.  Consequently,  while  the  engine  of 
1 8  so  had  only  81  lb.  of  tractive  force  for  every  pound 
of  effective  steam  pressure  in  the  cylinders,  the  relative 
tractive  force  of  the  newest  engine  of  1903  is  147  lb., 
or  not  far  short  of  being  double.  Further,  the  difference 
between  the  power  of  the  two  "  ultimatums  "  is  acccn- 
tuated  by  the  fact  that  the  Crampton  engine  had  a 
pressure  of  only  120  lb.  per  square  inch,  whereas  the 
pressure  in  the  M'Intosh  engine  is  200  lb.  When, 
therefore,  this  enormous  difference  in  the  steam  pressure 
is  multiphed  into  the  difference  in  relative  tractive 
force  and  the  still  vaster  difference  between  the  adhesion 
weight  available  to  utilise  that  tractive  force,  it  will 
at  once  be  recognised  that  the  new  locomotive  colossus 
represents  the  aggregate  power  of  several  colossi  such 
as  that  which  was  the  wonder  of  1850  and  of  the 
International  Exhibition  of  1851,  although  "  Liver- 
pool "  was  then  regarded  as  equal  in  power  to  three  of 
the  ordinary  London  and  North-Western  locomotives 
of  the  day. 

A     PROCESS    OF     EVOLUTION. 

With  regard  to  the  claim  put  fcirth  that  the  Lancashire 
and  Yorkshire  engine  No.  1400  represented  the  present- 
day  "  ultimatum  "  for  the  standard  gauge— the  word 
gauge  being  now  taken  to  represent  the  loading  gauge 
as  well  as  the  rail  gauge — it  was  pointed  out  at  the  time 
by  the  writer  of  these  notes  that  a  large  margin  was 
still  left  for  increase  of  power  by  the  adoption  of  smaller 
driving-wheels  than  7  ft.  3  in.,  by  utihsing  the  increased 
vertical  space  thus-  afforded  in  increasing  the  size  of 
the  boiler,  by  proportionately  increasing  the  cylinder 
dimensions ;  also  by  supplying  additional  adhesion 
weight  by  means  of  an  additional  pair  of  coupled 
wheels.  This  view  speedily  received  practical  illus- 
tration of  its  justness.  The  58|-ton  weight  of  the 
.\spinall  engine  was  soon  eclipsed  by  the  62^  tons 
which  Mr.  Wilson  Worsdell's  six-coupled  "  2001  " 
North-Eastern  class  weighed  in  working  order,  while 
six-coupled  6-ft.  wheels  associated  with  cylinders  20  in. 
by  26 in.  gave  a  huge  increment  of  nominal  tractive  force 
as  compared  with  the  four7-ft.  3-in.  wheels  and  19-in.  by 
26-in.  cylinders  of  the  Lancashire  and  Yorkshire  engine. 
The  doubt  suggested  was  whether  the  North-Eastern 
boiler,  with  its  1.769  square  feet  of  heating  surface, 
would  supply  live  steam  sufficient  to  give  efficiency 
as  great  as  that  obtained  from  the  Lancashire  and 
Yorkshire  engine  with  19-in.  cylinders  supplied  by 
2.052  square  feet  of  boiler-heating  surface.  The  next 
step  in  the  evolution  of  locomotive  magnitude  was  again 
taken  by  Mr.  Worsdell'with   his  "  2111  "   type,  which 


was  a  virtual  replica  of  tin  .....  lyi.t  ..iii\  mm 
t>-it.  S-in.  coupled  wheels,  this  dimensional  advance 
involving  about  live  tons  additional  weight,  a  total  of 
67  tons  thus  being  reached.  Then  came  Mr.  Dean's 
Great  Western  "  too,"  weighing  69  tons,  with  six- 
coupled  6-ft.  8-in.  wheels  like  the  North-Eastern 
"211  i."but  withcyUndersiSin.  by3oin.  instead  of  join, 
by  26  in.  and  with  2,400  square  feet  of  heating  surface 
instead  of  1,769.  And  now  we  get  to  the  new  Cale- 
donian mammoth  with  six-coupled  6-ft.  6-in.  wheels, 
cylinders  no  less  than  21  in.  in  diameter  with  a  26  in. 
stroke,  a  Ixjiler-heating  surface  of  2.400  square  feet,  a 
steam  pressure  of  200  lb.  with  four  separate  .safety 
valves  to  relieve  it  when  needful,  and  a  total  weight 
of  72  tons  exclusive  of  the  tender. 

FURTHER     POSSIBILITIES. 

It  miglu  seem  impossible,  or  at  least  improbable, 
that  such  dimensions  as  these  last  could  be  exceeded 
within  our  British  load-gauge  limits,  at  any  rate  in 
the  case  of  express  engines.  So  far  as  engines  intended 
for  goods  and  mineral  traffic  are  concerned,  it  may  be 
that  even  Mr.  M'Intosh's  Caledonian  "600"  type — 
which  has  the  same  boiler  and  cylinders  as  the  new 
No.  49 — does  not  represent  an  "  ultimatum."  But  with 
express  engines  the  difficulty  of  enlargement  within  the 
gauge  limits  available  becomes  greater  and  greater  at 
each  fresh  step,  just  as  does  each  e.xtra  knot  of  speed 
in  the  case  of  the  largest  and  fastest  ocean  steamers. 
It  is  true  that  the  Socicte  .\lsacienne  de  Constructions 
Mecaniques  is  now  building  at  Belfort,  to  the  order  of 
M.  Solacroup,  the  Ingcnieur  en  Chef  du  Material  et  de 
la  Traction  of  the  Paris-Orleans  Railway,  a  de  Glehn 
compound  of  the  "Atlantic"  class  which  will  weigh, 
some  eight  tons  more  than  do  the  famous  du  Bousquet- 
de  Glehn  compounds  on  the  Chemin  de  Fer  du  Nord. 
That  is  to  say,  the  new  Orleans  engine  will  weigh  73 
tons  in  working  order,  exclusive  of  the  tender.  Suffi- 
cient dimensional  particulars  are  not  yet  available  for 
it  to  be  stated  definitely  whether  or  not  this  engine 
could  be  got  within  British  loading-gauge  hmits.  But, 
at  any  rate,  the  new  du  Bousquet-de  Glehn  engine 
of  the  Nord  type,  which  is  being  built  for  the  Great 
Western  I?ailway  of  England,  will  have  a  material 
increment  of  adhesion  weight  as  compared  with  the 
French  locomotives  of  the  same  type,  carrying  17  J 
tons  on  each  axle,  instead  of  16,  and  will,  therefore, 
probably  weigh  quite  70  tons.  Moreover,  the 
new  North-Eastern  engine  foreshadowed  by  Mr. 
W.  Worstlell  in  an  address  which  he  recently  delivered, 
may  be  expected  to  e.xceed  even  all  these  totals  in 
point  of  size  and  weight.  Seeing  that  the  top  of  its 
boiler  is  to  stand  so  high  as  to  leave  no  room  for  chimney 
or  dome  or  safety  valves  to  appear  above  its  apex,  an 
idea  of  resultant  general  magnitude  is  suggested  such 
as  can  have  had  no  possible  parallel  in  previous  Euro- 
pean locomotive  history.  It  will  be  most  interesting 
to  see  how  such  prodigious  dimensions  will  be  disposed. 
A  rumour  has  been  current  that  the  North-Eastern 
monster  is  to  be  a  four-cylinder  compound,  either  on 
the  de  Glehn  system  or  some  cognate  plan,  and  is  to 
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liave  two  15-in.  high-pressure  cylinders  and  two  25-in. 
low-pressure  cylinders.  If  so,  there  is  a  foreshadowing 
of  theoretical  power  entirely  transcending  anything  that 
has  yet  been  brought  to  play  in  this  country.  This, 
however,  is  a  matter  to  be  viewed  only  along  "  the 
dim  vista  of  the  future,"  and  may  be  regarded  as  still 
in  mibibiis. 

PREDICTED     "PRAIRIES." 

In  the  course  of  the  discussion  which  took  place  on 
Mr.   Cowan's  very   able   and   "  informing  "    Haper  on 
American  Locomotive  Practice,  which  was  read  before 
the  Institution  of  Civil  Engineers  on  the  31st  March, 
Mr.  G.   J.   Churchward,  the  new  Locomotive  Superin- 
tendent  of  the   Great   Western   Railway,   made  some 
suggestive    remarks    as    to    the    possibihty    of    future 
increment   of   locomotive   power   in   express   services. 
His  idea  seemed  to  be  that  tlie  ne.vt  new  departure 
would  consist  in  the  adoption  of  what  is  known  in  the 
United  States  as  the  "  Prairie  "  or    "  2-6-2  "  tv-pe.  in 
which   the   six-coupled  wheels   are   under   the  middle 
of  the  boiler  barrel,  between  the  smokebox  and  firebox, 
while  a  two-wheel  or  Bissell   bogie    or    "  pony  truck  " 
is  placed  under  each  end  of  the  engine.     This  plan  has 
several  advantages  to  recommend  it.     The  weight  of 
the  engine  is  used  in  the  best  possible  manner  for  the 
purpose  of  adhesion,  and  wide  scope  is  left   for  the 
extension  of  the  firebox,  while  it  may  be  that  the  design 
is  recommended  by  a  certain  symmetry    of   aspect  of 
the  kind  that  has  always  gone  far  to  commend  single- 
wheelers    to    popular  approval.     The  "2-6-2,"  rather 
absurdly  entitled  the  "  Prairie  "  type,  although  hitherto 
unknown  in  Britain,  has  long  been  in  common  use  in, 
at    any    rate,    one    important    British    Colony — New 
Zealand.     So  far  back  as  the  year  1883— twenty  years 
ago — when  express  passenger  engines  of  increased  power 
were  required,   it   was   decided   to   adopt   six-coupled 
wheels  instead  of  four.     The  original  suggestion  was 
that  the  "4-6"  arrangement — vv-hich  American  engi- 
neers are  accustomed  to  know  by  the  vague  designation 
of  the   "  ten-wheeler  "   class — should  be  employed  in 
the  case  of   the   new   locomotives.     It   is   difficult    to 


ascertain  who  among  the  New  Zealand^  engineers  ought 
to  be  accredited  with  the  origination  of  the  "  2-6-2  " 
idea,  no  fewer  than  three  having  laid  claim  to  it  in 
conversation  with  the  present  writer.  Be  that  as  it 
may,  the  plan  was  decided  upon  and  a  number  of 
engines  of  that  type  were  ordered  both  from  Britain 
and  from  America,  and  these  have  since  been  supple- 
mented bv  others.  They  proved  exceedingly  efficient 
and  handv,  hauhng  heavy  loads  with  great  ease  when 
employed  on  goods  traffic,  and  attaining  speeds  in 
express  service  which  had  hitherto  been  unheard  of 
on  the  3-ft.  6-in.  gauge.  The  writer  of  these  notes  has 
been  on  the  foot-plate  of  engines  of  this  class  when,  on 
the  one  hand,  a  train  of  81  wagons  loaded  with  wheat 
was  hauled  at  the  rate  of  25  miles  an  hour  on  the  level, 
and  in  another  case  when  a  lighter  train  was  run  at  the 
rate  of  60  miles  an  hour  for  15  consecutive  miles  and 
a  maximum  rate  of  64"2  miles  an  hour  was  attained. 
The  latter  result  had  previously  been  deemed  quite 
impracticable  on  so  narrow  a  gauge. 

POSSIBLE     EXTENSION    OF     THE     "PRAIRIE"    TYPE, 

It  may  be  that  by  the  time  the  occasion  is  deemed 
ripe  for  introducing  the  "  Prairie  "  type  in  Britain,  it 
may  be  found  preferable  to  follow  the  lead  of  New 
Zealand  also  in  introducing  the  latest  development 
employed  in  that  distant  colony.  This  consists  in  an 
enlargement  of  the  "  Prairie  "  engine  and  consequent 
substitution  of  a  four-wheel  bogie  for  one  of  the  two- 
wheel  ponv  trucks.  This  plan  has  many  ob\-ious 
advantages  and  has  proved  distinctly  successful  in  the 
colony  of  its  adoption.  It  virtually  provides  a  six- 
coupled  "  Atlantic."  It  may  be  that  even  this  develop- 
ment will  be  followed  by  yet  another,  and  that  we  may 
see  a  type  of  British  express  engine  having  six-coupled 
wheels  of  moderate  size  under  the  middle  of  an  enormous 
boiler,  while  the  leading  and  trailing  ends  of  the  engine 
are  carried  each  on  its  own  four-wheel  bogie,  thus 
producing  a  fourteen-wheeled  locomotive  which  would 
be  classed  as  "  4-6-4  "  under  the  system  which  is  now 
coming  into  such  extensive  American  adoption. 

C.  R.-M. 
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THE     BRAZILIAN     IRON     ORE     DEPOSITS. 

The  extensive  deposits  ot  hematite  that  have 
lately  been  discovered  in  Brazil,  particularly  in 
the  vicinity  of  Pico  d'ltabira  do  Campo,  have 
attracted  considerable  notice  in  this  country  since 
the  appearance  of  the  December  bulletin  of  the 
Bureau  of  American  Republics.  The  hematite 
occurs  in  beds  frequentlv  go  ft.  to  150  ft.  thick, 
and  is  one  of  the  purest  forms  of  iron  ore  known, 
containing  as  high  as  66  to  70  per  cent,  of  iron. 
Mr.  W.  H.  Herdsman,  an  authority  on  the 
subject,  sa\'s  that  the  Pico  d'ltabira  is  a  veritable 
mountain  of  iron,  and  the  first  that  he  has  found 
in  his  twenty-five  years'  experience  that  justified 
the  title.  He  further  states  that  there  can  be 
little  doubt  that  not  less  than  10,000,000  tons 
are  out-croi)ping  at  this  one  point,  while  a  similar 
out-crop  is  found  some  ninety-five  miles  distant, 
and  the  whole  adjoining  country  is  covered  with 
iron  ore  in  everj'  direction,  which  gives  a  fair 
idea  of  the  immensity  of  the  Brazilian  ore 
deposits. 

A    NOTABLE    UNDERTAKING    AT    SAN     FRANCISCO. 

The  newest  and  oik-  oi  the  best  dry  decks  in 
the  United  States  has  been  completed  at  Hun- 
ter's Point,  San  Francisco.  It  is  the  property 
of  the  San  Francisco  Dry  Dock  Company,  and  has 
been  about  two  years  in  building.  The  dimen- 
sions are  :  length,  750  ft.  ;  width  at  top,  122  ft. ; 
width  on  a  level  with  the  top  of  the  keel  blocks, 
80  ft.  :  depth  of  water  at  high  tide,  28  ft.  It 
was  built  by  Mr.  Howard  Holmes,  and  can 
comfortably  accommodate  the  largest  vessel 
afloat.  When  the  pontoon  gate  is  closed  the 
water  is  withdrawn  by  three  centrifugal  pumps, 
having  a  combined  capacity  of  120,000  gallons 
per  minute.  During  a  recent  docking  of  the 
battleship  Ohio,  the  dock  was  emptied  in  two 
hours  and  five  minutes  from  the  time  the  pumps 
were  started. 

TESTING     FOR     DANGEROUS    GASES. 

The  inij)ortance  ot  lurnisliiiig  an  al)undant 
supply  of  fresh  air  to  workmen  engaged  in 
tunnel  construction,  especially  where  there  is 
danger  of  a  possible  presence  of  explosive  gases, 
can    hardly    be  _ over-estimated.     In    a   paper 


NEW  YORK,  April  lOth,  1903. 
read  before  a  recent  meeting  of  the  American 
Public  Health  Association,  Mr.  Joseph  \V. 
Ellms,  of  Columbus,  Ohio,  described  the  a|)para- 
tus  and  methods  employed  in  tests  conducted 
by  him  for  determining  the  presence,  in  tunnel 
headings,  of  inflammable  gas  and  carbon  dioxide, 
and  their  percentages.  A  Shaw  gas  tester  was 
used  for  the  first,  the  tester  affording  a  mechani- 
cal means  of  producing,  measuring  and  exploding 
adjustable  mixtures  of  air  and  illuminating  gas. 
As  a  standard  a  first  determination  is  made  of  the 
proportion  of  gas  and  jnire  air  which  will  just 
fail  to  explode.  The  subsequent  use  of  the  air 
to  be  tested  in  place  of  the  pure  air  will  cause 
an  explosion  if  there  is  a  trace  of  inllammable 
gas,  and  the  measured  diminution  of  illuminating 
gas  necessary  to  prevent  again  an  explosion 
fixes  the  percentage  of  gas  in  the  impure  air. 
In  the  testing  for  carbon  dioxide  the  sample  of 
air  is  transferred  to  calibrated  bottles  of  about 
one  litre  capacity,  into  which  ten  cubic  centi- 
metres of  a  standard  solution  of  barium  hydrate 
are  introduced,  the  bottle  being  then  closed 
with  a  rubber  stopper  and  thoroughly  shaken. 
After  standing  five  or  ten  minutes  the  excess 
of  barium  hydrate  is  titrated  with  a  standard 
oxalic-acid  solution  and  corrections  made  for 
temperature  and  barometric  pressure,  the  results 
being  stated  in  parts  per  one  hundred  for 
standard  conditions. 

THE     DURABILITY     OF     PRESSED     STEEL    CARS. 

An  evidence  of  the  durability  of  pressed  steel 
cars  was  given  a  few  days  ago  at  Pittsburg, 
when  the  brakes  of  a  car,  while  being  shifted, 
failed  to  work  at  the  proper  time,  with  the 
result  that  the  car  crashed  into  the  bumper, 
the  upper  part  of  the  c^r  being  forced  over  the 
bumper  against  a  substantial  stone  wall.  The 
latter  was  cracked  in  four  places,  and  was  almost 
ready  to  fall,  but  the  car  was  damaged  so  slightly 
that  it  was  able  to  resume  its  trip  without  any 
attention  whatever. 

ORE-CARRYING     ON     THE     GREAT     LAKES. 

Last  season's  ore-carrying  trade  on  the  Great 
Lakes  was  the  greatest  in  history,  and  next 
year's  is  expected  to  be  even  greater,  probably 
reaching  as   high  as   29,000,000,   and   possibly 
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30,000,000  tons.  It  is  stated  that  an  order  has 
already  been  placed  by  the  United  States  Steel 
Corporation  for  twenty  ore-carrying  vessels,  with 
a  capiacity  of  9,000  tons  eacli,  being  the  largest 
yet  constructed. 

VENTILATION     AND     HEATING. 

One  of  the  developments  in  engineering  in  the 
United  States  that  is  worthy  of  more  than 
passing  notice  is  that  which  has  taken  place, 
particularly  in  the  last  ten  years,  in  heating  and 
ventilation.  Not  only  is  it  now  generally 
conceded  that  all  buildings  where  people  are 
likely  to  congregate  must  be  thoroughly  venti- 
lated, but  means  are  taken  to  provide  by 
mechanical  methods  for  the  desired  circulation 
of  air,  and  at  costs  that  are  truly  considerable. 
One  of  the  most  interesting  of  the  recent  installa- 
tions of  this  character  is  that  forming  part  of  the 
mechanical  equipment  of  the  Lying-in  Hospital. 
New  York,  the  gift  of  Mr.  J.  Pierpont  Morgan  to 
a  charitable  society  of  the  city.  The  building 
enclose-  1,862,100  cubic  feet,  and  for  ventilation 
there  are  sixteen  fans  (the  largest  9  ft.  in  dia- 
meter), connected  tosome  three  miles,  or  140  tons, 
of  galvanised  iron  ducts.  The  fresh  air  supply  is 
warmed  by  5,275  square  feet  of  steam  coils  in  the 
air  passages.  Besides  that,  the  steam  radiating 
surface  in  the  rooms  amounts  to  22,500  square 
feet,  and  over  half  of  this  is  enclosed  by  air-tight 
sheet  steel  casings,  which  are  given  a  hard, 
smooth,  finished  surface  continuous  with  the 
walls  of  the  rooms,  to  prevent  the  collection 
of  dust  and  the  cultivation  of  bacteria.  There 
are  157,820  cubic  feet  of  air  exhausted  from 
the  building  per  minute  by  the  exhaust  fans, 
and  the  average  rate  of  change  of  air  for  the 
rooms  connected  to  the  system  is  7  to  7  J  times 
an  hour.  The  velocities  of  the  air  is  in  general 
24  ft.  per  second  in  ducts,  12  ft.  in  flues,  and 
6  ft.  at  the  room  openings.  In  the  wards  8,100 
cul  ic  feet  of  air  are  supplied  per  hour  for  every 
bed.  The  enclosed  coils,  which  consist  of  one 
row  of  li  in.  pipe,  twelve  pipes  h  gh,  placed 
against  the  inner  surface  of  the  steel  casing, 
have  Veen  found  to  gve  off  150  British  thermal 
units  per  square  feet  of  coil  surface  per  hour. 
Each  coil  is  divided  into  two  parts,  each  part 
connected  to  a  separate  pair  of  risers  ;  eight 
pipe>  are  in  one  part,  theimostatically  controlled 
by  the  temperature  of  the  room,  and  four  pipes 


in  the  other,  thermostatically  controlled  by  the 
temperature  out  of  doors.  Mr.  Alfred  R.  \\o\fi 
is  the  consulting  engineer  responsible  for  the 
designs. 

FRICTION     OF     BALL     BEARINGS. 

At  a  recent  meeting  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  Professor 
M.  J.  Golden,  of  Purdue  University,  presented 
in  a  paper  the  results  of  a  series  of  tests  made  on 
ball  bearings  of  the  form  in  use  with  bicycles 
and  shop-shafting.  The  balls  were  0-25,  0-3 
and  o"5  in.  in  diameter,  and  were  tested  at 
speeds  of  200  to  2,000  revolutions  per  minute. 
Above  2,000  revolutions  the  balls  and  racers 
were  destroyed  by  becoming  pitted,  and  with 
heavier  loads  the  balls  broke  in  two  parts, 
apparently  shearing  apart.  The  coefficient  of 
friction  was  calculated  to  be  o"oo475,  or  less 
than  one-half  of  one  per  cent.  He  devised  a 
formula  for  friction  as  follows:  Friction  =:L 
(o'005-hd-;- 1,000 -|-0'005D),  in  which  D  is  the 
diameter  in  inches  of  the  path  of  the  balls  on 
the  racers  ;  D,  the  diameter  in  inches  of  the 
balls  ;   and  L,  the  load  in  pounds. 

VALUE     OF     OIL     RINGS     IN     BEARINGS. 

It  is  probably  not  generally  known  that  a 
shaft  may  be  highly  insulated  electrically  from 
the  bearing  by  the  film  of  oil  which  envelops 
the  shaft,  and  that  the  oil  film  is  capable  of 
withstanding  a  comparatively  high  electric 
pressure.  According  to  some  measurements 
recently  made  by  Dr.  A.  E.  Kennelly  and 
Mr.  C.  A.  Adams,  the  short  circuit  of  the  bearings 
of  a  125-volt  6-kilowatt  Edison  bipolar  dynamo, 
having  a  normal  speed  of  1,800  revolutions  jior 
minute,  ceased  to  exist  above  a  speed  of  100 
revolutions.  The  electric  resistance  was  found 
to  be  8"8  megohms  in  each  of  the  bearings, 
which  were  5  in.  long  and  ij  in.  internal  dia- 
meter. The  insulation  was  found  to  break 
down  periodically  owing  to  accidental  contacts 
between  the  brass  oil  rings  and  the  sides  of  the 
bearing  slots,  but  when  the  rings  were  lifted 
it  was  found  that  the  insulation  entirely  dis- 
appeared, and  was  not  restored  until  the  rings 
were  replaced  and  set  in  motion.  This  experi- 
ence is  a  good  demonstration  of  the  importance 
of  oil  rings  in  maintaining  an  adequate  flow  of 
oil  through  a  bearing. 


THE  VISIT  OF  THE   INSTITUTION 
OF   ELECTRICAL    ENGINEERS  TO   ITa\LY. 


THE    EDITOR. 


/^X  Wednesday  and  Thursday,  April  ist 
^'^  and  2nd,  about  one  hundred  and 
twenty-eight  members  of  the  Institution  of 
Electrical  Engineers,  accompanied  by  twenty 
ladies,  left  London  for  Northern  Italy,  to  visit 
some  of  the  more  imjiortant  electrical  engi- 
neering undertakings  there,  at  the  kind  invita- 
tion of  the  Associazione  Elettrotecnica  Italiana. 
The  partv  was  divided  into  two  sections,  which 
travelled  separatflv  to  Liirerne.  and  were  there 
united. 

The  journey  ol  the  first  party  to  Lucerne  was 
uneventful.  At  Laon,  those  who  were  for- 
tunate enough  to  have  secured  berths  in  the  two 
sleeping  cars  removed  their  hand  baggage  there, 
and  verv  quickly  "shook  down"  for  the  night. 
Those  who  w'ere  hardened  to  the  doughiness 
of  the  iiillows  and  the  shortness  of  the  blankets, 
managed  to  fall  asleep,  but  all  were  aroused 
at  the  early  hour  of  5  a.m.  by  the  arrival  at  the 
Swiss  frontier. 

As  is  usual,  the  first  thing  in  the  morning, 
after  a  night  in  the  sleeping  car,  a  general  dis- 
inclination for  social  intercourse  was  observable, 


but    some    steaming     hot     cafe    an    lail    was 

available  at  Bfde,  and  conversation  thereafter 

became  more  vivacious.     Lucerne  having  been 

reached     about     10     a.m.,    the     remainder    of 

the    day   was    left    free    for    the    members    to 

make   their  own   arrangements.     Some   of   the 

more  energetic  proceeded  to  make  an  ascent  of 

the   Rigi,  while  others  more  sedately  inclined, 

disposed  of  their  dejeuner,  and  had  a  sail  up  the 

lake  to  Brunnen.     The  Lake  of  the  Four  Cantons 

looked  as  charming  as  ever,  and  presented  an 

ever-changing    vision    of   gorges    and    torrents, 

picturesque  chfilcfs.  and  snow  peaks  shrouded 

in  mist. 

An  early  start   was   made  next 

The  St.  Gothard  n^orning  (Fridav),   and    at    this 
Railway.  ''/  •  ' 

jionit     the     really     interestmg 

])ortion  of  the  trip  began.  The  St.  Gothard 
Railway,  begun  in  1872,  and  comjileted  and 
dehvered  over  to  public  traffic  in  June,  1882, 
has  always  been  of  great  interest  to  engineers. 
The  amount  of  labour  which  its  construction  in- 
volved may  be  gauged  from  the  fact  that  there 
are  no  less  than  sevent\  -six  tunnels  and  galleries, 
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1-lG.     I.        MAI'    OI-'    TIIIC    ST.    COTHAHI)    RAILWAY. 

Showing  the  tunnel  through  wliieli  the  party 
travelled. 


with  a  total  length  of  twenty-nine  miles.  The 
great  tunnel  through  the  St.  Gothard,  about  nine 
miles  in  length,  lieing  the  longest  tunnel  in  the 
world,  aroused  general  enthusiasm,  and  as  the 
train  plunged  into  the  entrance,  watches  were 
tmiversalh-  consulted.  Since  the  beginning  of 
1899  the  tunnel  has  been  artificially  ventilated 
by  means  of  the  Saccardo  system  of  ventilation, 
which  sends  a  constant  supply  of  fresh  air  into 
the  tunneL'so'that  the  unpleasantness  caused  by 
the  smoke  of  the  engines  is  no  longer  occasioned. 
Seventeen  minutes  later,  as  we  emerged  into  the 
blinding  sunlight,  it  J  was  difficult  to  believe 
that  we  were  still  in  Switzerland.  The  archi- 
tecture, the  costumes,  and  physiognomy  of  the 
people,  the  verv  signs  over  the  doorways,  were 
all  Italian.  As  the  train  dashed  down  the 
valley  of  the  river  Ticino,  we  soon  perceiveil. 
in  the  luxuriance  of  the  vegetation,  the  azure 
of  the  skies,  and  the  unwonted  balminess  of  the 
atmosphere,  that  sunny  Italy  was  certainly  not 
far  away. 

Como  was  reached  at  7  p.m., 
Arrival  at  .j,jj  ^q  ^jjp  surprise  of  the  party 
the  crashing  of  the  Civic  Band 
as  the  train  drew  up  at  the  platform  resolved 
itself  into  the  familiar  strains  of  the  British 
National  Anthem.  The  Mayor,  Cavaliere 
Sinati,  accompanied  by  Count  Reina,  Professor 
Bonardi,  Engineer  Perti,  and  other  gentlemen, 
received  the  President,  Mr.  R.  Kaye  Gray,  and 
the  leading  members  of  the  party,  who  were 
formally  introduced  by  Dr.  Silvanus  P.  Thomp- 
son. The  whole  of  Como  had  turned  out  to  see 
the  sight,  and  lined  the  thoroughfares  as  the 
procession  of  carriages  and  brakes  conveyed  the 
visitors  to  their  various  hotels.  After  dinner 
nearly  all  the  members  of  the  party  strolled 
through  the  streets  to  see  the  statue  of  Alessandro 
\'olta,  which  was  illuminated  by  a  searchlight 
thrown  from  a  neighbouring  building. 

SATURDAY,   APRIU  4tli. 

On  Saturda\\  the  4tli  ult..  in  glorious  weather, 
tlie  ]iartv  embarked  on  board  a  special  steamer, 
and  nothing  more  delightful  can  be  imagined 
than  the  sail  up  the  Lake  of  Como,  which  was 
the  next  item  in  the'programme.     All  along  the 
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banks  nestle  picturesque  villages  and  gay  villas, 
surrounded  by  luxuriant  gardens  and  vineyards  ; 
these,  together  with  the  indescribable  blue  of  the 
water,  the  azure  sky,  and  the  towering  snow- 
capped mountains,  make  up  a  jiicture  that  it 
would  be  difficult  to  equal,  and  certainly  im- 
possible to  e.xcel  in  beauty. 

The  President  of  the  Milan  section  of  tlu- 
Associazione  Elettrotecnica  Italiana.  Signer 
Bertini,  and  the  Hon.  Secretary,  Signor  G. 
Semenza,  and  Herr  Blfithy  of  the  Ganz  Company 
of  Buda-Pesth.  joined  the  jiarty  at  Como.  On 
arrival  at  \'arcnna  we  entrained  for  Sondrio  on 
the  \'altellina  Railwav. 


The  Valtellina 
Railway. 


These  sixty-seven  miles  of  rail- 
way, the  motive  power  of  which 
has  been  transformed  from 
steam  to  electricity,  were  formally  inaugurated 
on  September  4th,  1902,  and  are  being  operated 
on  the  Ganz  cascade  system,  of  which  so  much 
was  heard  two  years  ago,  in  connection  with  the 
electrification  of  the  Metropolitan  Railway. 
The  hydraulic  power  house,  with  turbines  of  6,000 
h.p..  is  at  Morbegno,  water  being  taken  from 
the  river  Adda.  Three-phase  current  is  gene- 
rated at  20,000  volts,  and  carried  by  overhead 
conductors  to  nine  transformer  stations,  where 
it  is  transformed  down  to  3,000  volts  and  taken 
to  the  two  trolley  wires,  the  rail  forming  the 
third  conductor,  and  thence  direct  to  poly])hase 
motors  on  the  cars.  The  trains  on  the  electric 
line  are  made  up  of  the  old  rolling  stock,  plus 
the  new  motor  cars  and  the  new  goods  loco- 
motives. 

The  cars  fitted  with  electric  motors  capable 
of  developing  600  h.p.,  have  been  constructed 
with  a  small  cabin  at  either  end,  in  which  is 
located  the  apparatus  by  which  the  driver  con- 
trols the  starting,  running,  and  stopping  of  the 
train.  They  weigh  about  fifty-three  tons  each, 
have  a  seating  accommodation  for  fifty-six 
passengers,  and  during  the  trip  the  one  attached 
to  the  special  train,  consisting  of  five  or  six 
ordinary  carriages,  frequently  exceeded  a  speed 
of  forty  miles  per  hour.  The  objectionable 
smoke  of  the  steam  locomotive  was  noticeable 
bv  its  absence.     Grades  and  curves,  which  were 
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numerous,  were  easily  surinounted,  and  a 
regular  speed  was  maintained  throughout  the 
journey.  There  was  practically  no  evidence  of 
alteration  to  the  permanent  way  beyond  con- 
necting together  the  rails  at  every  joint  with  a 
stout  copper  wire. 

Steam  locomotives  can  be  run  (uer  this  section 
of  the  line,  but  we  should  say  their  use  in  any 
large  number  is  not  to  be  recommended,  as 
there  would  be  a  great  likelihood  of  the  smoke 


'Ch/aTsS/ka 


settling  on  the  insulators  in  the  tunnels.  The 
goods  trafiic  is  handled  by  specially  constructed 
electric  locomotives,  weighing  about  forty-si.\ 
tons,  of  600  normal  horse  power,  which  are 
capable  of  drawing  from  400  to  500  tons  up  the 
steep  inclines  of  the  line  when  the  rails  give 
sufficient  adhesion.  The  management  have 
been  so  satisfied  with  the  performance  of  these 
locomotives  for  goods  trains  that  they  have 
decided  to  have  some  built  for  the  conveyance 
of  passenger  trains  of  250  tons,  at  a  speed  of 
tliirt\-sevcn  to  forty-four  miles  up  grades  of 
I  in  a  100. 

All  the  way  to  Sondrio  great  interest  was 
evinced  by  the  party  in  the  construction  and 
working  of  the  line.  It  is  said  that  no  accident 
in  any  part  of  the  whole  installation  has  vet 


soNCRio 


.      M.\I'    OK   THE    VALTELLIN'.A    HIGH-TENSION 
THREE-PHASE    KAIL  WAY. 

occurred  to  an\-  of  the  iniblic.  nor  to  the  car- 
drivers  or  conductors,  and  the  general  success  of 
the  undertaking  can  be  gauged  by  the  fact  that 
a  further  length  of  thirty-one  miles,  giving  a 
connection  with  Milan,  will  be  converted  to 
electrical  working  as  soon  as  possible.  As  the 
train  sped  along  at  an  exhilarating  speed  of  forty 
miles  per  hour,  several  engineers  were  heard  to 
exjiress  regret  that  England,  in  the  matter  of 
electric  traction  on  main  lines,  was  behind  the 
agricultural  districts  of  Northern  Italy. 

The  arrival  at  Sondrio  was  quite  in  the  nature 
of  an  ovation,  thick  crowds  watching  the  pro- 
cession which,  accompanied  h\  the  town  band, 
walked  to  the  Hotel  de  la  Poste  in  the  Market 
Place.  Here  a  sumptuous  lunch  was  provided 
l)y  the  Adriatic  Railway  Compan}-.  who  own  the 


VISIT    TO    THK    VAI.TKLI.IXA    K.UI.WAY. 

Embarking  on  board  the  special  steamer  on  Lake  Como,  at  S.  15  a.m. 


VISIT   TO   THE    VAl.TEI.I.INA    RAILWAY. 

Another  snapshot  taken  two  minutes  later,  including  Si.gnor  Bertini, 

Mr.  R  Kavc  Gray,  Prof.  Gerard,  Col.  Pescetto,  Mr.  Hammond, 

and  others. 
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A    GROUP   ON    HOARD    THE    STEAMER    ON    LAKE    COMO. 

Including  Mr.  Jubn  Gavey,  Mr.  Robert  Hammond,  Mr.  Henry  .■\.  Mavor, 
Mr.  R.  Kaye  Gray,  and  Mr.  H.  .Alabaster. 


INSPECTING    THE    ELECTRIC    LOCO.MOTIVE    .\1     Ll.LLANO,    ON    THE    VALTELLINA     RAILWAY. 
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\'altcllina  line.  Signor  Bertini  welcomed  us  to 
Italy  in  the  name  of  the  sister  association,  and 
this  was  suitably  replied  to  by  the  President. 
Altogether  a  most  enjoyable  couple  of  hours  were 
spent  in  the  large  tent,  erected  in  the  garden, 
whicli  was  fragrant  with  the  scent  of  roses  and 
early  blossoms.  After  the  loyal  toasts  had  been 
drunk,  the  party  were  played  again  to  the 
station,  and  to  tlie  accomi)animent  of  genial 
cheering  departed  for  Morbegno. 

.\fter  a  walk  of   a   mile   and  a 

Jo'we'STtaS  ha"  •"  the  genial  sunshine,  the 
power  station  was  reached.  This 
is  supplied  with 
water  from  the  river 
Adda,  by  a  tunnel 
through  two  ri\-etcd 
iron  pipes.  In  the 
turbine  house  there 
are  installed  three 
turbo-dynamo  sets 
of  2,000  h.p.  each, 
although  at  present 
one  set  is  sufficient 
for  the  train  service. 
There  is  room  for  a 
fourth  set  of  3,000 
h.p.  to  4,000  h.p. 
output.  The  tur- 
bines supplied  by 
Ganz  and  Co.  arc 
of  the  Francis 
type,  and  run  at  a 
speed  of  150  revo- 
lutions per  minute. 
The  effective  fall 
amounts  to  100  feet, 
which  at  high  water 
can  be  reduced  to 
89  feet,  and  occa- 
sionally even  to  86 
feet.  The  2,000- 
kilowatt  20,000- volt 
three  -  phase  alter- 
nators were  supplied 
by  Schuckert  and 
Co.,  Niirnberg. 


The  api^aratus  that  attracted  the  most  general 
interest  was  the  jet  lightning  arrester  just 
outside  the  power  station.  This  consists  of  three 
jets  of  water,  each  about  10  in.  in  length  and 
^  in.  in  diameter,  from  earthed  nozzles  squirting 
upwards  into  umbrella  shaped  basins  connected 
with  the  transmission  lines.  Should  one  of  these 
be  struck  by  lightning,  instead  of  damaging 
the  apparatus  in  the  power  house,  the  arrester 
acts  as  a  perfect  conductor  to  earth. 

In  the  evening  at  Como  an  electrical  illumina- 
tion, representing  the  national  colours  of  Eng- 
lantl  and  Italy,  was  given  by  the  Volta  Society 
in  the  principal  square,  and  waS  much  admired. 


^^-'fe.K^. 
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THE    FIRST   CARRIAGF,    COXT.UNIXO    THE    WREATH    TO 
TOMli    OF    VOLTA,    LEAVING    THE    HOTEL    PLIXIU 

Mr.  R.  Kaye  Gray  (President)  is  seated  on  the  right,  and 
P.  Tlionipsim,  D.Sc,  F.K.S.  (Past-President),  on 


SUNDAY,   APRIL  5th. 


Laying-  a 


At     ten     o'clock     on      Snnday 


Wreath  on  the  morning  tlie  President  and  most 
Tomb  of  Volta.  ^f  ^he  members  of  the  party  left 
the  Hotel  Plinius  for  the  mausoleum  of  Ales- 
sandro  Volta  to  lav  a  wreath  of  immortelles  on 
the  tomb  in  the  name  of  the  Institution.  Some 
fifteen  vehicles  of  every  shape  and  size  drawn 
by  one,  two  or  four  horses  fell  into  procession 
after  the  first  carriage,  containing  the  wreath, 
and  occupied  by  Mr.  Gray  and  Professor 
Thompson.  As  the  cortege  wended  its  way  along 
the  delightfully  wooded  valley  leading  to 
Camnago.  the  strains  of  the  band  of  the  "  Corps 
of  Divine  Providence,"  which  had  been  sent 
by  the  Institute  to  greet  our  arrival,  were  heard 
from  some  neighbouring  heights. 

A  minute  gun  was  fired  at  regular  intervals 
just  before  the  gate  of  the  little  cemetery  was 
reached,  and  here  a  guard  of  honour  composed 


of  the  Como  Fire  Brigade 
was  drawn  u]).  On  the  steps 
were  standing  Signor  Cava- 
liere  Vincenzo,  Mayor  of 
Camnago,  Cavaliere  E. 
Linati,  Mayor  of  Como. 
Professor  A.  Volta  (grandson 
of  the  great  philosopher), 
and  other  distinguished  gen- 
tlemen. 

Every  head  was  reverently 
bared  as  the  ceremony  of 
jilacing  the  splendid  and 
imposing  wreath  in  the  crypt 
was  performed  with  much 
solemnity. 

Cavaliere  E.  Linati,  Mayor 
of  Como,  in  an  eloquent 
speech  in  Italian,  said  : — 

r.adies  and  Gentlemen, — In 
tliis  hour  of  profound  emotion, 
my  poor  inadequate  words  ought 
only  to  express  the  gratitude  of 
Camnago  Volta  for  the  momen- 
tous visit  of  this  noble  assembly, 
before  which  I  reverently  bow. 
Yet  I  cannot  but  elevate  my 
thoughts  to  the  cause  of  this 
higli  honour — to  that  great  one 
who,  consecrating  this  hill  as  a 
monument  to  his  eternal  repose, 
left  it  a  heritage  of  honour  and  glory  which  you, 
with  your  illustrious  presence,  magnify!  Yes  !  Ales- 
sandro  Volta,  to  whom  humanity  owes  that  great  revela- 
tion that  tore  the- veil  of  ignorance  from  the  dying 
eighteenth  century,  and  who  illumined  the  world  with 
his  sparks,  pointed  out  to  science  the  upward  paths  to 
tread.  Fervent  apostles  of  physical  research,  witli 
skilled  and  modern  applications  of  his  discovery,  have 
astonished  the  world  and  immortalised  his  great 
name. 

It  is  not,  however,  given  to  one  to  enter  further  into 
this  subject,  as  it  is  too  elevated  for  the  scientific 
attainments  of  the  speaker.  Therefore  I  close  these  few 
words,  recalling  how,  four  years  ago,  on  tlii.s  selfsame 
tomb,  the  renowned  Professor  Thompson  (who,  I  am 
glad  to  see,  is  among  us  again)  bore  the  greeting  of  the 
English  Electrical  Engineers,  a  greeting  that  I  beg  to 
exchange  to-day,  with  fervent  affection,  in  homage  to 
the  science  that,  above  every  human  passion,  has  made 
lis  lirothers  at  this  sanctuary. 

I  thank  vou  again,  ladies  and  gentlemen,  for  the 
honour  rendered  to  the  modest  Commune  of  Camnago 
Volta,  that  will  brand  this  memorable  day  with  in- 
delible, grateful,  and  perennial  memories. 

The  President  of  the  Institution,  Mr.  R.  Kaye 


HE    I-AID    OX    THE 
S,    COMO. 

Professor  Silvanus 
the  left. 


LAYING    A    WREATH    OX    THE    TOME    OK    VOI.TA     AT    CAMXAGO,    IN"    THE    XAME    OF    THE 
IXSTITUTIOX    OF    ELECTRICAL    EXGIXEERS. 

Professor  AlessanclioVolta(iuni.>r),  who  is  the  S'ant'son  ol  Volla,  issetii  slandini;  bLtwcdi 

the  President  and  Mr.  JohnK.  HewLtl  ;  the  latter  is  presenting,  on  beliah  of  tlie  Students 

of  the  Institution  of  Electrical  Ensjineers,  a  shield  of  bronze. 

Allessandro  Volta  was  born  at  Como  in  1745,  and  died  there  1S27.  He  was  successively 
Professor  of  Physics  at  the  Gymnasium  in  Como,  and  the  University  of  Pavia,  where  he 
invented  the  electrophorus  and  electroscope  ;  he  also  devised  several  other  electrical 
appliances,  and  in  liJoo  invented  the  Voltaic  Pile,  the  far-reachinj; consequences  of  which 
were  dealt  with  in  Professor  Thompson's  speech,  delivered  at  the  tomb. 
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Gray,  in  depositing  the  wreath,  spoke  in  French 
to  the  following  effect  : — 

In  the  name  of  the  Institution  of  I'.lectrical  Kngineers 
of  Great  Britain,  and  (hiring  the  presence  in  Como  of 
over  1 20  members  of  this  body,  1  lay  a  wreath  on  the 
tomb  of  Volta,  as  a  mark  of 
veneration  for  one  wliose  fame 
lias  lasted  for  more  than  100 
vcars,  and  whose  philosophic 
tlioiif^ht  and  indefatigable  in- 
lUistry  have  rendered  great  ser- 
\  ices  to  mankind. 

Mr.  J.  Gavey,  Vice-Presi- 
dent oi  the  Institution,  and 
Engineer  -  in  -  Chief  to  the 
l^ritish  Post  Office,  ad- 
dressed the  assembly  in  the 
French  language,  as  follows  : 

I  much  regret  my  inability  to 
iildress  you  in  your  beautiful 
Italian  language,  and,  further,  it 
!-.  impossible  in  any  language  to 
lo  iustice,  in  a  brief  address,  to 
'  .ue  who  mav  be  said  to  have  laid 
I  lie  foundation  of  our  modern 
I '.ectrical  engineering.  I  simply, 
iliereiore,  ccmtent  myself  by 
.isking  you  to  accept  on  behalf  of 
tlie  Institution  of  Electrical 
luigineers  of  Great  Britain  the 
assurance  of  the  deep  feehng  with 
which  we  pay  homage  at  the 
tomb  of  the  great  Italian  Volta, 
a  man  whose  name  is  honoured 
and  revered  throughout  the  civi- 
lised world.  That  his  spirit  still 
lives  amongst  the  inhabitants 
of  his  native  land  and  that  his  mantle  has  fallen  on 
worthy  shoulders  is  shown  by  the  carrying  out  of  the 
great  electrical  works  which  we  Englishmen  have 
travelled  so  lar  to  see.  That  this  spirit  of  enterprise 
may  continue,  and  that  it  may  result  in  the  further 
development  of  the  resources  and  in  the  increase  of  the 
prosperity  of  this  magnificent  country ,  is  the  fervent 
hope  of  your  friends  and  well-wishers,  your  English 
visitors. 

Dr.  Silvanus  P.  Thompson  then  delivered  an 
eloquent  address  in  Italian,  which  was  listened 
to  with  ra]it  attention,  and  was  much  apprecia- 
ted.    The  following  is  a  free  translation  : — 

Honourable  Mr.  Mayor,  eminent  colleagues,  members 
and  friends, — We  have  come  here  to  offer  our  respects 
to  the  immortal  memory  of  a  man  whose  name  is  kept 
in  perpetual  reverence  by  all  the  civilised  world.  Here 
on  the  Italian  soil,  under  the  beautiful  sky  of  Italy — 
Italy,    the   mother   of   nations — we   pilgrims,   sons   of 


PKOF.    blLVANUS 

P.  THOMPSON, 

D.SC,  F.R.S. 

(past  president). 
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another  country,  born  un.ler  anotlier  sky,  among  the  grey 
fogs  of  the  north,  we  wish  to  add  to  the  homage  of  other 
nations  our  tribute  of  faithful  and  everlasting  memory. 

It  is,  perhaps,  superliuous  to  lay  stress  on  the  intellec- 
tual obligation  due  from  science,  and  much  more  from 
practical  science,  to  .\lessandro  Volta.  His  name  will 
remain  eternally  associated  with  the  inventions  of  the 
Electrophorus  and  of  the  Voltaic  Pile.  Truly,  he  was 
more  than  an  inventor  :  he  was  a  scientist  of  the  first 
order,  an  investigator  of  great  genius,  who  accomplished 
many  conquests  in  many  departments  of  physical 
science,  who  did  many  things,  but  who  touched  nothing 
without  adorning  it. 

In  the  course  of  his  laborious  studies,  in  the  midst  of 
his  duties  as  professor  of  the  University,  he  made 
celebrated  discoveries  relating  to  the  source  of  the 
electric  current,  beginning  with  the  Electric  Pile,  which 
he  invented.  He  is  honoured  as  a  great  inventor,  as  an 
apostle  (one  may  say)  in  practical  knowledge,  who  by  his 
intellectual  power  mastered  the  rough  forces  of  nature, 
and  converted  them  afterwards  to  the  service  of  human 
civilisation.  Since  the  invention  of  printing,  which 
multiplied  learning  and  the  diffusion  of  ideas,  and,  later 
on,  the  invention  of  steam  as  a  motive  power,  which  not 
only  multiplied  industries  and  the  mechanical  power  of 
man,  but  also  quickened  and  facilitated  the  contact  of 
people  with  people,  the  progress  of  civilisation  and  of 
science  has  equally  multiplied  and  increased.  But  no 
other  discovery  contributed  so  much  to  the  perfection 
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Engineer-in-Chiet  to  the  British  Post  Ollicc. 
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of  arts  as  that  of  the  Voltaic  Pile,  wliich  we  owe  to 
Volta.  Without  this  initial  discovery  we  should  not 
have  had  the  discovery  by  Faraday  of  the  electric 
rotations,  the  beginnini;  of  the  principle  of  the  electric 
motor,  a  discovery  followed,  many  years  after,  by  the 
discovery — much  more  important — of  induction,  the 
principle,  in  fact,  of  all  dynamos  and  transformers. 
With  the  continuous  development  of  science,  we  have 
arrived  at  the  knowledge  of  many  things  unknown  at 
the  time  of  Volta.  All  the  phenomena  of  electro- 
magnetism,  the  mechanical  generation  of  electric 
currents,  the  transmission,  distribution  and  utilisation 
of  electric  power,  telegraphy,  ami  telephony,  the  new 
horizonof  electric  waves,  all  appeared  in  the  last  century, 
after  his  death.  The  fundamental  principle  of  all 
these  wonderful  developments  was  due  only  to  this 
great  man.  In  all  these  developments  Italy  has  taken 
a  great  part.  Italy  has  never  ceased  to  produce 
worthy  successors  to  Volta  in  electrical  science,  as  well 
amongst  those  who  carried  forward  the  torch  of  research 
as  amongst  those  who  made  use  of  the  forces  of  nature 
for  the  advantage  of  man. 

We  are  happy  to  know,  and  we  congratulate  our- 
selves with  you,  that  the  developments  of  electrical 
industry  in  Italy  have  greatly  contributed  to  the  pros- 
perity of  this  great  country,  and  we  modest  followers  of 
those  studies  which  \'olta  so  grandly  made,  realising  the 
greatness  and  immensity  of  this  new  world  opened  up  by 
him,  come  to  his  tomb  to  salute  his  memory.  .\t 
the  same  time  we  make  this  homage  to  him  and  to  the 
memory  of  those  true  splendours  of  past  centuries  by 
which  Italy  acquired  the  well-merited  name  of  "  the 
land  of  the  great."  We  remember,  too,  that  we  are 
also  citizens  of  a  nation  where  science  flourishes  with 
great  development,  and  where,  from  time  to  time,  great 
personalities  have  lived.  If  Italy  can  boast  of  the  names 
of  Galileo  anil  of  Leonardo  da  \'inci,  we  can  also  boast 
in  England  of  Gilbert,  the  father  of  magnetism,  of 
Newton,  the  creator  of  natural  philosophical  mathe- 
matics. You  Italians  have  Volta,  we  are  proud  of 
Faraday.  But  neither  Galileo  nor  Xewton  nor  \'olta 
nor  Faraday  belongs  exclusively  to  any  one  nation. 
Great  men  of  such  a  kind  belong  to  the  whole  world,  and 
we  pilgrims  of  science  gather  once  more  around  the  tomb 
of  Volta,  the  greatest  benefactor  of  humanity,  in  order 
to  render  our  tribute  of  reverent  knowledge  antl  of 
universal  recognition. 

Professor  Alessandro  Volta  made  an  eloquent 
reply  in  Italian.  The  following  is  a  transla- 
tion : — 

Ladies  and  Gentlemen, — In  coming  to  Italy  on  your 
long  scientific  tour,  you  did  not  forget  the  Comasco 
electrician,  and  have  brought  a  splendid  crown  of  art 
to  the  tomb  where  he  reposes.  Permit  his  descendant 
to  remark  that  this  is  but  a  continuation  of  the  noble 
relations  that  tied  his  life  to  learned  England. 

The  great  Volta  searched  and  found  in  England  wide 
lields  of  culture  ;  Crawford  and  Black  were  his  favourite 
authors  ;  he  spent  many  months  in  your  country  in  the 


year  17S2,  and  while  there  he  became  acquainted  with 
its  great  and  numerous  imlustries,  and  had  occasion  to 
see  the  first  railroad  at  Coalbrookdale.  of  which  he 
wrote  enthusiastically  to  Italy.  He  visited  the  most  re- 
nowned academies,  and  was  friendly  with  such  men  as 
Priestly,  Walt,  Percival,  Cavendish,  Banks,  Davy,  and 
many  others  ;  and  he  ultimately  showed  his  respect  for 
English  science  by  giving  his  first  academical  lecture  at 
tlie  Royal  Society  in  London  in  the  same  year,  reading 
his  famous  memorandum  on  the  electrometer  condenser 
invented  by  him — that  simple  yet  marvellous  instru- 
ment that  was  the  first  stepping-stone  to  the  great 
discovery. 

The  Royal  Society  appreciated  the  merit  of  \'olta, 
and  seven  years  before  the  invention  of  his  cell,  it  had 
already  nominated  him  effective  member  of  the  society, 
almost  as  a  prelude  to  his  immortal  discovery ;  and  it 
was  even  so,  for,  before  communicating  to  any  other  the 
invention  of  his  cells,  Volta  first  of  all  wrote  of  it  to  the 
Royal  Society  in  his  classical  letter  dated  March  20th, 
iSoo,  addressed  to  the  President,  Sir  J.  Banks. 

To-day  history  repeats  itself;  a  young  Italian, 
willing  and  worthy,  proposes  to  himself  a  problem  such 
as  only  those  who  have  the  strength  to  win,  can  achieve ; 
and  behold,  in  England  he  finds  help  and  support  for  his 
first  faltering  steps  that  quickly  become  enormous 
strides  ;  for,  if  Marconi  had  not  the  moral  courage  and 
material  encouragement  of  Preece,  he  might  never  have 
won,  or,  at  least,  his  victory  had  been  much  delayed. 

I  take  pleasure,  ladies  and  gentlemen,  in  recalling  all 
this,  here  and  at  this  moment,  when  you  confirm  these 
sentiments  that  your  noble  country  professes  for  the 
studious,  no  matter  to  what  nationality  they  may  belong. 

It  is  these  that  impart  to  your  gracious  homage  to 
Volta  an  immense  value  and  particular  meaning,  and 
I  am  glad  to  express  these  sentiments  while  I  beg  to 
offer  you  my  sincere  and  affectionate  greeting. 

Mr.  John  K.  Hewett,  in  depositing  on  behalf 
of  the  students  of  the  Institution  a  handsome 
bronze  memorial  j)laque,  subscribed  for  wholly 
by  the  students,  said  : — 

Ladies  and  Gentlemen, — Representing,  as  I  have  the 
honour  to  do  on  this  occasion,  the  student  members  of 
the  Institution  of  Electrical  Engineers,  I  beg  to  present 
the  memorial  shield  of  bronze,  designed  by  Mr.  Gilbert 
Bayes,  and  subscribed  for  by  the  students,  as  a  token 
of  the  deep  respect  in  which  we  revere  and  honour  the 
memory  of  the  great  Italian  inventor,  Alessandro 
Wjlta. 

The  Mayor  oi  Camnago,  Signer  Cavaliere 
Franchi  \'incen20,  in  spontaneous  and  graceful 
language,  expressed  in  the  name  of  the  munici- 
l^ality  which  he  represented,  his  pleasure  at 
being  able  to  welcome  such  a  distinguished  body 
of  scientific  men,  and  invited  them  to  partake 
of  light  refreshments  at  his  villa. 
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THE    SECOND    CARRIAGE    LEA\IXG    THE    VILLA    OF    THE    ILAYOR    OK    CAMXAGU. 

Mr.  W.  M.  Mordey  is  seated  on  the  left  of  Mrs.  McMillan,  Mr.  W.  G.  McMillan  (Secretary)  facing. 


_,,      ,      .,      ^^     I'lion     the     retuin     i(jurnev 
The  Accident  to     '  ■ 

Mr.  C.  J.  Hall,    tomo     a 


to 


of  Leeds. 


regrettable  accident 
ccurred,  which  might  have 
been  very  serious.  In  descending  a  steep  hill  the 
brake  of  one  of  the  large  vehicles  broke,  and  the 
driver  to  avoid  being  precipitated  over  an  incline 
pulled  across  the  road,  when  the  conveyance 
partially  overturned  against  a  wall.  To  save  his 
head  from  being  crushed,  Mr.  C.  J.  Hall,  of 
Leeds,  put  out  his  hand,  and  had  his  right  arm 
caught  between  the  vehicle  and  a  rock  and  broken 
above  the  elbow.  Two  doctors  were  imme- 
diately in  attendance,  the  arm  was  skilfully  set. 
and  Mr.  Hall,  pluckily  declining  to  be  made  an 
invalid,  proceeded  to  Milan  the  following  day. 
He  was  unable,  however,  to  accompany  the 
partvonanyof  the  various  excursions.  According 
to  the  latest  reports  he  is  making  favourable  pro- 
gress towards  recovery,  although  it  will  be  several 
weeks  before  he  will  regain  the  use  of  his  arm. 

The  majority  of  the  members,  travelling  by 
the  funicular  railway,  had  lunch  at  the  Chalet 
Restaurant  on  the  sunuiiit  of  Unmate.    Although 


towards  the  close  of  the  meal  a  sharp  hailstorm 
intervened,  the  time  passed  very  quickly  in 
the  glorious  sunshine,  with  the  panorama  of  the 
lake  and  town  spread  out  below,  and  the  Alps 
with  snow-capped  Mount  Rosa  towering  above 
all,  in  the  distance. 

During  the  afternoon  the  Mayor  gave  a  garden 
party  in  the  Civic  Museum,  when  the  members 
of  the  party  had  an  opportunity  of  meeting  all 
that  was  best  in  Comese  society.  After  a  visit  to 
the  museum  containing  the  papers  and  apparatus 
that  belonged  to  \'olta.  tea  and  other  refresh- 
ments were  served,  complimentary  speeches  were 
made,  the  National  Anthem  and  the  Italian 
Royal  March  were  played,  and  ever^lwdy 
carried  away  the  most  pleasant  recollections 
of  the  affability   and   cordiality  of  our  hosts. 

In  the  evening  the  Philharmonic  Society  gave, 
as  a  mark  of  their  esteem,  a  concert  in  the  gardens 
of  the  Hotel  Flinius.  which  was  largely  attended 
by  the  general  iiublic,  while  tlie  band  of  the 
78th  Regiment  of  Inlantr\-  played  in  the  public 
square  before  the  Hotels  N'olta  and   Metropole. 


THE    FLXICfLAR    RAILWAY   AT    HRL'XATE,    WITH    LAKE   COMO    IX    THE    I3ISTANXE. 

On  Sunday  afternoon  the  party  ascended  this  railway,  and  had  lunch  in  the  open  air  at 
an  elevation  of  about  2,500  feet,  at  the  Chalet  Restaurant,  Brunate. 
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MONDAY,   APRIL  bth. 


EvciyoiK-  lunl  lo  iisr  111  cxceinionally  good 
time  on  the  following  morning  (Monday),  as  the 
special  train,  kindly  provided  by  the  Mediter- 
ranean Railway  Company,  left  at  7.50  a.m.  As  a 
matter  of  fact,  it  was  whistled  off  four  times, 
but  had  to  be  called  back  to  pick  up  late  arrivals, 
some  of  whom  came  straggling  in.  finishing  the 
remainder  of  their  first  dqciiner.  The  pro- 
gramme for  the  day  was  a  lengthy  one.  and 
pro\ed  almost  too  much  for  several  of  the 
party,  who  were  very  fatigued  when  they  re- 
turned to  their  hotels  in  the  evening.  On  arrival 
at  Milan  a  special  electric  train  was  waiting  to 
convey  the  ]>arty  to  Porto  Ceresio  and  Varese. 

The  Milan-      ^'^^       Mediterranean     Railwa\' 

Varese  Electric  Com])any   is   equij)])ing   electri- 

Railway.        ^,,^„^.  j,^g  ^^.j^^j^  ^j  the  line  from 

Milan  to  Gallarate.  and  thence  to  Varese,  Porto 
Ceresio,  Laveno.  and  Arona  (sec  fig.  4).  This 
railway  is  a  good  example  of  a  line  with  a  large 
traffic  worked  electrically  on  the  third  rail 
principle,  which  is  the  rival  system  to  that  of 
Valtellina.  Its  total  length  is  eighty-one  miles, 
and  for  the  whole  distance  it  is  of  single  track, 
except  the  length  from  Milan  to  Gallarate, 
which  is  of  double  track.  The  section  from 
Milan  to  Varese  was  opened  for  electric  traction 
in  November.  1901.  and  in  June,  1902,  it  was 
extended  to  Porto  Ceresio. 

A  high  rate  of  speed  was  maintained  liy  the 
train,  occasionally  averaging  on  the  level  a  full 
sixty-five  miles  an  hour.  A  short  stop  was 
made  at  Porto  Ceresio,  when  e\-eryone  descended 
and  had  a  brief  stroll  on  the  side  of  the  beautiful 
Lake  of  Lugano.  On  the  return  journe\-  a  stop 
was  made  at  V'arese.  where  an  excellent  lunch 
was  provided  by  the  Mediterranean  Railway 
Company  and  the  Compagnie  Thomson-Houston 
de  la  Mediterranee  at  the  Grand  Hotel. 

Mr.  Kossuth  (son  of  the  Hungarian  patriot 
Louis  Kossuth),  \'ice-President  of  the  railwa\- 
company,  spealving  in  admirable  English  said, 
in  welcoming  the  members  of  the  Institution, 
that  to  have  the  two  systems,  viz.,  that  adopted 
by  his  company  and  the  one  on  the  Valtellina 
line  working  on  similar  lines  of  railwav  and  under 
somewhat  similar  conditions  so  close  together, 


nmst  be  of  great  interest,  but  it  would  be  unwise 
to  decide  upon  their  respective  merits  until 
these  could  be  established  by  actual  working 
results,  which  would  in  the  course  of  a  few  years, 
be  ascertained. 

One  of  the  directors  of  the  Thomson-Houston 
Company  from  Paris  also  welcomed  the  party. 
Mr.  Gray  (the  President).  Lieut. -Col.  Crompton. 
C.B..  R.E.,  and  Mr.  Raworth,  rejilied  in  suitable 
terms. 


The  Power 

House  at 

Tornavento. 


.-Vftur  lunch  everyone  settled 
down  to  a  long  drive  of  nine 
miles    to    the    power   house    at 

Tornaventcj,    over  the 

most     dusty    road     I 

have  met    outside    of 

Mexico.       Not     being 

acquainted     with     all 

the    facts   which   have 

influenced  the  com- 
pany in  selecting  this 

site,  one  is  somewhat 

disinclined       to     ]«ss 

judgment    upon  their 

policy  of    liuilding    a 

steam    power  station. 

miles      distant      from 

anywhere.    At  present 

coal    has  to  be  carted 

to    it.   over  the  worst 

possible     roads,     from 

the     nearest     railway 

station,    and    is    sent 

back  again  (as  electric 

power)  to  the  rail- 
way over  transmission 

lines     of     about      ten 

miles  in  length.     Tin 

situation    is    partiaii\ 

explained  by  the  fact 

that  it  was  originalh 

proposed      that       the 

station       should       be 

hydro  -  electric.     Tur 

bines    of     a    total    ol 

11.000     h.ii.    were  to       ,.„.. 

'  I.IEl'T.  COI..    CROMl'TON', 

be  erected,  and  driven  ^.  g     ,^  ^ 

by  water  taken   from  (i'ast  president). 
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I.IEUT.-COL.  R.   K.  CKOMPTOX,  C.B.,  R.E.,  AND  MR.  W.  M. 
JIADDEN    {siuokillg)    DISCUSSING    A    KNOTTY    POINT. 

the  river  Ticiiio,  but  serious  difficulties  arose 
in  reference  to  tlie  concessions  ot  the  water 
rights,  which  it  is  to  be  hoped  will  be  ultimately 
adjusted. 

The  j)ower  is  transmitted  as  three-phase 
current  at  13,000  volts  to  five  sub-stations  along 
the  line,  where  the  pressure  is  reduced  to  420 
volts.  It  is  transformed  in  rotary  converters 
to  direct  current  at  650  volts.  From  the  sub- 
stations the  current  is  taken  to  the  insulated 
third  rail. 

The  wires  of  all  the  lines  are  supported  by 
porcelain  insulators  fixed  to  wooden  poles 
131  feet  apart.  On  some  sections,  however, 
there  is  an  iron  pole  every  32.^  feet.  The 
third  rail  is  placed  laterally  to  the  track,  and 
is  supported  at  every  13  feet  by  artificial 
granite     insulators     on     cast-iron      foundation 


brackets,  fi.xed  to  the  sleei)ers.  The  rails  are 
bound  together  by  means  of  flexible  cojjper 
connections  having  a  section  of  8  inches. 

The  motor  cars  weigh  forty  tons  unloaded,  and 
the  trailers  twenty-five  tons,  and  can  accommo- 
date seventy-six  passengers.  Each  motor  car 
IS  driven  by  four  150  h.p.  motors,  each  motor 
weighing  2-5  tons.  The  goods  traffic  is  to  he 
hauled  by  electric  locomotives.  Every  electric 
car  is  ])rovided  with  a  hand  brake  and  a  com- 
jiressed  air  brake,  for  which,  and  for  the  air 
necessary  for  the  whistle,  an  electric  compressor 
of  4  h.p.  is  placed  under  the  frame.  The  current 
IS  taken  from  the  third  rail  by  means  of  four 
shoes  placed  at  the  four  ends  of  each  electric 
car.  The  shoes  are  supported  b\'  an  iron  angle 
fixed  to  the  journal  boxes  of  the  trucks. 

The  drive  back  to  Gallarate  was  equallj' 
dusty,  and  we  were  very  glad  to  get  on 
board  the  special  electric  train  which  brought 
us  back  in  excellent  time  to  Milan. 

The  Italian  papers,  in  their  accounts  of  the 
various  visits,  proved  entertaining  reading,  of 
which  the  following  is  a  ty])ical  extract  from  the 
Milanese  Post  : — 

"  The  coldness  and  calmness  of  the  English 
are  so  proverbial  that  it  has  awakened  true 
astonishment  to  behold  the  admiration,  indeed, 
we  may  well  sav  enthusiasm,  evinced  by  these 
gifted  sons  of  Albion  for  our  work.  And  it  is 
with  legitimate  pride  that  we  can  verify  this 
fact." 

TUESDAY,   APRIL  7th. 

On  Tuesday  morning,  the  mem- 

The  Visit  to     bers  of  the  Institution,  accom- 

Gavazzi's  Elee-  .^^^^\^fi  \^y  ^  number  of  Italian 

trieally-driven  '  ■       r      r- 

Silk  Works,     engineers,   took    tram    for  Cer- 

nusco-Merate,  where  they  were 
received  by  the  usual  band — a  feature  to 
which  we  were  growing  accustomed— the 
Mayor,  and  the  representatives  of  Messrs. 
Gavazzi.  A  short  walk  brought  us  to  the 
latter's  sjilondid  silk  works,  which  emjiloy  about 
six  hundred  people — mostly  women  and  children 
—and  which  are  equipped  throughout  by  electric 
motors.     The  place  was  beautifully  clean   and 
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well  lighted,  wliich  was  clue  largely  to  the  total 
absence  of  overhead  shafting  or  belts. 

There  were  334  weaving  machines  in  operation, 
each  of  which  is  independently  driven  by  a 
J-h.p.  motor.  One  of  the  principal  reasons  for 
employing  single  motors  below  the  level  of  the 
work,  is  the  absence  of  the  risk  of  oil  dropping 
from  overhead  bearings  on  to  the  fabric  which  is 
being  woven,  an  accident  which  occasionally 
ballpens  with  the  older  system  of  driving. 

The  party  strolled  through  the  quaint  country 
town  to  an  old-fashioned  albergo  in  the  Market 
Place,  where  a  substantial  lunch  was  provided 
by  the  Italian  Edison  Company.  Among  those 
present  were  the  Mayor  of  Merate,  Comm. 
Ferrari  (representing  the  Italian  Government), 
.Assessor  Mira  (representing  the  Municipality  of 
.Milan).  Senator  G.  Colombo  (the  President  of  the 
Company).  Mr.  Esterle  (the  general  manager), 
Mr.  Cini  (of  the  Adriatic  Company),  Mr.  C.  E.  L. 
Brown  (of  Brown  Boveri),  etc.  The  meal, 
which  was  taken  in  the  open  air,  was  a  very 
enjoyable  one,  and  was  followed  by  a  few 
speeches.  The  Milanese  Post,  in  speaking  of  this 
event,  said  : — 

"  The  beautiful  air,  the  influence  of  the 
weather,  and  the  sweet  season,  had  even  caused 
these  English  engineers  to  lose  their  customary 
coldness,  and  although  it  is  not  easy  to  awake 
their  enthusiasm  and  sympathy,  their  speeches 
took  a  colouring  and  warmtli  that  we  really 
would  not  have  expected." 


The  toast  of  the  Institution  of  Electrical 
Engineers  was  given  by  Senator  Colombo  in  an 
interesting  speech,  in  which  he  recalled  the  days 
when  he  visited  the  Holborn  Viaduct  Electric 
Lighting  Station  to  investigate  the  possibility 
of  the  City  of  Milan  adojjfing  electric  light. 
Assessor  Mira  and  Comm.  Ferrari  proposed  the 
loyal  toasts  of  both  nationalities,  to  which 
Mr.  Gray  (the  President),  Mr.  Fawcus  and  Mr. 
Hammond  replied.  The  speech  of  Mr.  Ham- 
mond, rendered  in  Italian  with  great 
vigour,  excited  much  enthusiasm  among  our 
hosts. 

Lunch  oMi  lilt-  party  drove  to  the  Paderno 
\'iaduct,  which  was  built  a  few  years  ago  to  carry 
a  single  track  line  belonging  to  the  Meridionali 
Railway  Company  across  the  valley  of  the  river 
.\dda.  The  bridge,  which  has  a  total  length, 
minus  approaches,  of  871  feet,  appreciably 
shortened  the  distance  between  the  provinces  of 
L'pper  Lombardy  and  X'cnetia,  with  respect  to 
the  St.  Gothard  route.  After  viewing  this,  a 
descent  was  made  to  the  jioint  at  which  the 
intake  to  the  Adda  Canal  commences, 
where  many  of  the  party  closely  inspected 
the  work  of  building  the  new  dam.  which  is  now 
in  progress. 

The  Paderno-    ^^   '^   °^  interest   to   remember 

Milan  Power    that  the  steam  electricgenerating 

une.  station  in   Milan,  established  in 

1883  by  tlie  Italian  Edison  Electrical  Company, 


THE    VISIT    TO    SIGXOR    OAVAZZl's    ELECTRICAl.LV-DKlVtX    SILK    WORKS,    AT   CERXUSCO-MEKATE. 

The  party  enterinj;  the  gates. 
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was    the     first    of    its    kind    in    Europe.      In 
1893   the   Company  opened  to  the  public  the 
first  urban  electric  tram- 
\va\-  line,  and  the   Muni- 
cipality of  Milan,  having 
in    1896    sanctioned   the 
conversion  of   the   whole 
of     the    urban    lines    to 
electric     traction,      they 
secured    the    concession. 
In    order  to  jirovide  for 
this  new  service,  and  for 
other      apphcations      of 
electric  power,  the  Edison 
Compan\-    built    a    new 
central  station   at  Porta 
\'oha,  :\Iilan.  and  began 
the  hvdro-electric   instal- 
lation at  Paderno.  which 
was    completed   in  1898. 
Alxiut    two-thirds   of  the 
power   generated   is  sent 
to  Milan,  the  distribution 
there  consisting  of: —    >-;■ 
{a)  A  three-phase  cur- 
rent underground  system, 
supplying      energy       for 
lighting  and  power. 

(b)  A  continuous  current  underground 
system,  supplying  energy  almost  exclusively 
for  lighting. 

(c)  A  tramwaj'  sj'stem. 
The  Milan  tramways  at  holiday  times  carr\ 

over  325,000  passengers,  which  represents  68 
per  cent,  of  the  population.  The  cars  circulating 
on  the  system  average  293. 

A  very  enjo>-able  two  mile  walk  along  the 
charming  valley  of  the  Adda  by  the  side  of  the 
canal  was  made  to  the  power  house  at  Paderno. 
After  this  had  been  inspected  the  party  were 
grouped  together  and  a  memorial  tablet  to  the 
original  designer  of  the  scheme.  Engineer  Enrico 
Carli,  which  was  placed  in  a  prominent  position 
on  one  of  the  walls,  was  unveiled.  After  a  very 
pleasant  drive  to  the  Paderno  railwaj-  station 
in  the  cool  of  the  afternoon,  the  ;party  travelled 
by  special  train  to  Milan. 
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WEDNESDAY,   APRIL  5th. 

Next  day  the  programme  con- 
Pirelli  and  Co.s  si^ted   of   visits  to  the  leading 
Cable  Works.      ,        .  ,     ,     .  ,       ° 

electric  manufacturmg  and  sup- 
ply establishments  in  Milan.  Probabl\-  the 
greater  portion  of  the  party  visited  the  cable 
and  rubber  works  of  ^lessrs.  Pirelli  and  Co., 
which  are  the  largest  in  Italy  This  firm 
practically  enjoy  a  monopoly  of  the  manufacture 
of  submarine  and  electric  light  cables  in  that 
countrv,  and  have  also  aconsiderable  export  trade. 
The  works  cover  about  nine  acres,  and  nearly 
3.000  workpeople  are  employed.  As  the  firm 
were  one  of  the  first  companies  outside  of  Great 


MR.  W.    p.   1.    KAWCUS, 
OF    M.\XCHESTER. 


MR.  ROBERT  HAMMOND  (lIDN.  TRE.XSUREK) 
DELIVERIX;;    A   SPEECH. 
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A   SXAPSHOr   OF    HEAD   OF   THE   PROCESSION"    LEAVING    FOR    THE    PADERNO    POWER    HOLSE. 

Dift'erent  bands  received  and  n:companied  most  of  the  various  excursions  :  in  many  cases  the 

habitants  turned  out 
elettricisti  Inglesi."' 


Britain  to  take  up  the  manufacture  of  cables, 
extensions  have  had  to  be  made  from  time  to 
time  as  they  were  required,  which  have 
necessarily  interfered  with  the  general  s\Tn- 
metry  of  the  establishment.  An  auxiliary- 
company  has  recently  been  formed  in  Spain. 

The  Roval  Several  members  were  attracted 
Technical  to  the  Royal  Technical  Institute, 
Institute.  which  is  a  handsome  building, 
and  well  equipped  with  up-to-date  apparatus. 
At  the  present  time  over  five  hundred  students 
are  studying  there,  whose  ages  range  from 
eighteen  to  twenty-five.  The  Institute  and  the 
school  for  engineers  annexed  to  it  were  founded 
b\-  the  Italian  Government  in  1863.  to  afford 
instruction  in  ci\-il  and  industrial  engineering. 


and  also  to  educate  civil  architects,  and  pro- 
fessors of  ph\"sical  and  natural  sciences.  Its 
annual  expenditure  amounts  to  £7,450,  and  is 
contributed  by  the  Italian  Government  and  bj- 
the  province  and  municipality  of  Milan.  Even,- 
student  entering  the  Institute  goes  through  a 
two  years'  preparaton,-  course,  after  which  he 
enters  the  department  in  which  he  intends 
specialising,  where  he  spends  three  years.  The 
average  yearly  number  of  diplomas  conferred  is 
about  sixty. 

Several  sp)ecial  schools  and  laboratories  are 
annexed  to  the  Institute.  They  were  founded 
and  are  maintained  by  private  contributions. 
One  of  these  is  for  the  education  of  electrical 
engineers,  and  offers  to  the  local  industries  all 
the  means  required  for  performing  tests  and 
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Electrical  Engineers'  Visit  to  Italy. 


experiments  on  electrical  machines  and  appara- 
tus. This  is  a  very  neat  room,  and  well  arranged. 
Most  of  the  instruments  are  of  British  pattern, 
and  many  are  of  English  manufacture.  A 
laboratory  of  mechanics  was  erected  in  1894. 
with  the  aid  of  the  leading  firms  in  Milan,  for  the 
special  benefit  of  students  in  industrial  engi- 
neering ;  also,  by  the  aid  of  private  contribu- 
tions, a  laboratory  for  the  testing  of  materials 
has  been  at  work  since  1865.  and  is  largely  used 
by  the  railway  companies,  by  architects  and 
builders.  Many  interesting  experiments  were 
here  seen  in  operation. 

Next  year  two  new  institutions  will  be  opened 
in  the  Royal  Technical  Institute,  viz.,  a  school 
and  laboratory  of  electro-chemistry  and  a 
school  and  laboratory  for  foremen  engaged 
in  electrical  work.  His  Majesty  the  King 
of  Italy  has  given  the  ground  from  the 
garden  of  the  Roj^al  villa,  which  adjoins 
the  Institute,  and  special  buildings  have  now 
been  erected. 

Gadda  and  Co.  s  "-^  ^■^'■>'  interesting  visit  was  paid 
Works  (Eleetri- to  the  amalgamated  works  of 
cal  Machinery).  ;^Ie5srs.  Gadda  and  Co.  and 
Messrs.  Brioschi  Finzi  and  Co.  All  the  machinery 
was  found  to  be  thoroughly  up  to  date,  after  the 
best  American  and  European  patterns.  Two 
machine  tools  specially  noticeable  were  the 
large  vertical  boring  mill,  and  the  horizontal 
boring  and  milling  machine,  both  of  which  were 
from  distinctly  American  designs,  and  built  bv 
local  firms.  Every  machine  tool  is  driven  bv  a 
separate  three-phase  electric  motor.  The  works 
are  provided  with  a  complete  system  of  rail 
tracks,  and  also  with  several  15-ton  electric 
overhead  travelling  cranes. 

The  testing  department,  in  which  every 
machine  is  tested  before  delivery,  is  much  nearer 
perfection  than  is  usually  seen  in  this  class  of 
works.  For  this  department  a  power  of  500  h.p. 
is  reser\xd.  It  is  provided  with  a  complete  set  of 
testing  brakes,  standard  instruments,  alternators 
and  motors  of  various  capacity,  one  transformer 
for  testing  the  high  tension  machinery  up  to 
52,000  volts,  etc.  The  fitting  and  machine 
shops   were   well    lighted,    and    the   tool    store 
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showed  signs  of    having    been    very   carefully 
organised. 

Onl\-     a     comparatively    small 
'^'Exchange"^  number  of  engineers  visited  the 

telephone  exchange, which  is  now 
being  modernised  and  brought  into  line  with 
the  latest  methods.  It  is  hoped  that  .when 
completed  an  uninterrupted  service  will  be 
secured,  even  in  the  event  of  a  heavy  snow  fall. 
At  the  same  time  the  dangers  arising  from 
the  possible  fall  of  the  wires  on  to  the  overhead 
tramway  lines  have  been  eliminated.  To  obtain 
these  results  all  the  necessary  wiring  from, 
sub-e.xchanges  to  the  central  e.xchange  has  been 
effected  with  underground  cables,  and  a  special 
air  drying  plant  is  also  provided.  The  cables, 
which  Messrs.  Pirelli  and  Co.  have  supplied, 
are  lead-covered  and  have  paper  insulation 
if  they  are  to  be  laid  in  clay.  Those  which 
are  intended  to  be  placed  in  sand  or  coal  tar,~  are 
covered  with  an  extra  iron  band.  The  ringing 
of  subscribers  is  made  by  means  of  a  motor 
generator,  which  transforms  the  continuous 
current  of  the  town's  distribution  into  alternate 
current.  The  number  of  subscribers  at  present 
connected  up  to  the  central  station  is  3.500, 
and  75  girls  work  in  turn  at  the  multiple 
switchboard.  The  exchange  is  designed  for 
an  ultimate  capacity  of  10,000. 

Riva  Monneret  ^he  firm  of  Riva  Monneret  and 
and  Co.'s  Tur-  Co.,  whose  rapid  success  is  very 
bine  Works,  largely  due  to  its  enterprise, 
makes  a  speciality  of  the  manufacture  of  turbines 
of  every  description.  The  two  types,  howe\'er, 
for  which  there  is  the  greatest  demand  at  the 
present  time  are  the  Pelton  wheel  and  the 
Francis  type.  The  machinery  in  the  shops  was 
not  quite  up  to  date,  although  the  work  turned 
out  is  certainly  first  class.  Indeed,  the  majority 
of  the  turbines  seen  in  operation  during  the 
Institution's  visit  to  Italy  were  of  this  firm's 
manufacture.  The  most  notable  feature  of  the 
works  is  perhaps  the  drawing  office,  which  is 
exceptionally  large,  and  has  thirteen  vertically 
suspended  drawing  boards  of  an  ingenious 
pattern. 
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The    Officine    Meccaniche    was 
TheOfflcine     ,  ,  ,      .,  i-  ,  .■ 

Meccaniche      lomied  by  the  consohclation  ol 

(Railway  Loco-  the  lirms  of  Miani  Sil\-estri  and 

motives  and    Qq     ^^■^f^^    j^      Crondona    Comi 

Carriages).  ,   „        .,.,        ,  ,,  .    , 

and  Co.     When   fully  occuiMed, 

the  works  employ  about  3.000  hands,  and  have  an 
annual  producing  capacity  of  30  locomotives, 
250  railway  and  tramway  cars,  2,000  goods 
tracks,  besides  railway  bridges,  turntables, 
signals,  etc.  They  also  keep  in  repair  on  an 
average  1,600  railway  trucks  per  year.  1 
regret  that  lack  of  space  prevents  an  adequate 
description. 

The  visits  to  the  central  station  at  Porta 
\olta,  and  the  sub-station  at  S.  Radagonda,  gave 
everyone,  in  conjunction  with  the  visit  to 
Paderno,  a  clear  idea  of  the  general  scheme  of  the 
clec-trieit\-  supitlv  in  Milan. 


THURSDAY,  APRIL  9th. 

The  party  left  early  on  Thursday  morning  by 
special  electric  train  for  Somma  Lombarda, 
on  a  visit  to  the  works  of  the  I.ombardy 
Power  Distribution  Company  at  Vizzola.  En- 
trusting themselves  to  a  multitude  of  old- 
fashioned  vehicles,  and  blinded  by  the  dust 
raised  by  the  long  procession,  the  party,  after 
about  a  couple  of  miles  drive,  descended  the 
steep  bank  of  the  river  Ticino,  to  a  point  at 
which  four  large  canal  boats  were  waiting,  gaily 
decorated  with  the  English  and  Italian  flags. 
To  the  accompaniment  of  stirring  music  the 
barges  floated  down  the  Villoresi  Canal  to  the 
power  house.  On  the  way  lunch  was  served 
through  the  hospitality  of  the  Vizzola  Com- 
pany, and  the  usual  toasts  were  given  and 
responded  to.  Senator  De  Angeli,  president  of 
the  compan\',  welcomed  the  guests,  and  was 
replied  to  in  French  by  Jlr.  Gray  (the  President). 


The     \'izzola      ])ower      scheme 

Visit  to  the      differs  from  other  similar  plants 

Lombardy  .     .  .    '     ,    , 

Power  Distri-   niasmuch  as  it  is  not  intended 

bution  Co.  at    to  supply  electric   ))ower   to  a 

large    city  or  to  a   number  of 

works    grouped    together,    but    transmits    the 

power     to     many     independent     works     and 


cotton  mills  situated  at  wide  distances  from 
one  another. 

Some  years  ago  a  good  many  cotton  mills 
were  established  between  the  towns  of  Varese 
and  Saronno  and  the  river  Ticino,  to  utilise 
the  natural  power  derived  from  the  water  of  the 
river  Olona,  which,  however,  soon  became 
insufficient  through  the  ra])id  increase  of,  these 
and  other  industrial  enterprises.  Many  steam 
plants  were  then  worked  separately,  or  in  con- 
junction with  turbines,  the  area  of  the  manufac- 
turing district  in  the  meantime  extending 
widely.  As  soon  as  the  ]>roblem  of  long  distance 
transmission  of  power  had  been  practically 
sohed,  it  became  possible  to  utilise  the  water 
j30wer  of  the  river  Ticino,  which  could  not  be 
formerly  done.  The  Socicta  Lombarda  per 
Distribuzionc  di  Energia  Elettrica  (to  give  them 
the  Italian  title)  was  then  formed  for  this  pur- 
pose, and  took  up  the  enterprise  in  1901. 

Current  is  now  being  distributed  among  2,400 
customers,  who  employ  it  for  power  and  lighting 
purposes,  and  is  transmitted  as  far  north  as 
Varese — 22  miles,  as  far  south  as  Turbigo — 
t-)l  miles,  and  to  the  east  as  far  as 
Lomazzo — 25  miles.  It  is  very  interest- 
ing to  hear  that  in  nearly  all  the  cotton 
mills  the  steam  iilants  have  now  been  re- 
placed bv  electric  motors.  So  great  has  been 
the  demand  for  power  that  the  18,000  h.p. 
generated  at  the  central  station  at  Vizzola 
is  now  insufficient,  and  the  Lombardy  Power 
Distribution  Company  have  recently  commenced 
the  construction  of  new  hydraulic  works  for  the 
utilisation  of  another  fall  they  possess  at  Turbigo, 
g.L  miles  lower  down  the  river.  These 
works  will  give  a  further  6,000  h.p.,  which 
will  be  transmitted  through  the  present  distri- 
bution lines.  To  jirovide  against  periods  of 
low  water  the  comjiany  are  also  erecting  at 
Castellanza  a  steam  generating  electrical  station, 
where  another  6,000  h.p.  will  be  developed, 
making  altogether  a  possible  total  of  30,000  h.p. 

The  thirteen  mile  drive  to  Legnano  lay  over  a 
flat  barren  moor,  and  i)roves  one  of  the  most 
enjoyable  of  the  tri]).  Ui)on  arrival  there,  the 
electrically-driven  cotton  mill  of  Frua  and  Banfi, 
and  the  engineering  works  of  Franco  Tosi,  were 
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inspected.     The    former    consumes    2.500    li.j). 
from  \'izzola. 

In  the  evening  the  Institution  of  Electrical 
Engineers  were  entertained  at  a  banquet  given 
by  the  members  of  the  Associazione  Elettro- 
tecnica  Italiana,  at  the  Savini  Restaurant, 
Milan.  Covers  were  laid  for  about  250. 
Speeches  were  made  b\-  Mr.  Ascoli.  the  President 
of  the  Italian  Institute,  Mr.  Gray  (the  President), 


of  "  Auld  Lang  Syne,"  everyone  claspmg 
hands,  which  was  evidently  new  to  our  Italian 
hosts,  who  entered  into  the  spirit  of  it,  with 
great  heartiness. 

On  the  following  morning  the  official  visit 
came  to  an  end,  and  a  large  contingent  of  the 
engineers  proceeded  to  \^enice  to  spend  a  few 
days  there.  Others  preferred  Florence  or  the 
Italian  lakes,  and  man\-  commenced  to  return 


ONE    OK   THE    FIXEST    WEIUS    IN   THE    WOKLD,    OX    THE    UIVER 
TICIXO,    XE\R    SOMII.A    LOMRAUDO. 

The  feature  01  this  dam  (051  ft.  long,  13  ft.  high)   is   the  curve 
which  seems  to   have  been  constructed  to    imitate  the   natural 
flow  wliich  water  takes  when  falling  in  a  large  volume. 

(Visit  to  Vi//<ila  Power  House.) 


Lieut.-ColonelCromjiton.C  B..R.E.,Mr.  Ferranti. 
Mr.  Gavey  and  Professor  Silvanus  P.  Thompson. 
An  interesting  feature  of  the  evening  was  a 
presentation  to  Mr.  Semenza,  of  a  cigar  and 
cigarette  case,  which  had  been  subscribed  for 
by  the  members  of  the  party  to  show  their 
appreciation  of  the  thorough  way  in  which  the 
arrangements  for  the  visit  had  been  made  in 
Milan.     The  assembly  broke  up  with  the  singing 


by  easy  stages  to  London.  On  every  hand 
there  was  a  general  concensus  of  opinion  that 
our  Italian  hosts  could  not  have  been  kinder  or 
more  hospitable,  nor  could  our  welcome  have 
been  more  hearty  or  more  spontaneous.  The 
additional  fact  that  it  was  animated  b}-  abso- 
lutely disinterested  motives  made  the  pleasure 
of  receiving  the  hospitality  all  the  keener. 
Any  information  that  was  asked  for  was  always 
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willingly  given,  and  it  was  with  great  regret  that 
we  turned  our  faces  homewards. 

The   preliminary  preparations  made   b\'   the 
Institution  in  organising'the  \-isit  were  of  a  most 


MR.    HENKV    A.    MAVOK    (lHAIRMW    OK 
GLASGOW    LOCAL   SF.CTIOX). 


complete  character,  and  everything  which 
forethought  and  experience  could  suggest  to 
make  the  tour  enjoyable  and  comfortable  had 
been  carefully  arranged  beforehand.  The  suc- 
cess of  this  verj'  important  part  of  the  pro- 
gramme was  very  largely  due  to  the  energy  and 
painstaking  care  of  our  Secretary,  Mr.  W.  G. 
McMillan.     .An  elaborate  set  of  labels  covering 


the  trip  made  that  very  irritating  inconvenience 
— the  losing  or  delaying  of  one's  luggage — 
well  nigh  an  impossibility. 

The  following  is  a  list  of  those 
List  of  Mem-    ,  _,  ;    ,  ,,         ,. 
»,„„    ,.  forming  the  partv  : — 

bars  formingr  "^         i       .'  • 

the  Party.  l^-  -\ilainsoii  (Hyilc),  G.  L.  .Wdou 
brooke  (London),  H.  .Mabaster  (Lon- 
don), .\.  H.  .\llen  (London),  R.  S.  .Mien  (Bedford), 
H.  G.  .\ndre\vs  (Bournemouth),  L.  Andrews  (Hastings), 
F.  B.  .\spinall  (London),  .\.  F.  T.  .■Vtchison  (Englefield 
Green),  C.  .\.  Baker  (London).  R.  S.  Ball  (London),  C.  H, 
W.  Biggs  (London),  H.  Boot  (Tnnbridge  Wells),  H.  Boms 
(London),  .\.  von  Boschan  (  Vienna),  W.  A.  Brodie  (San 
Remo).  R.  E.  Brooke  (Rugby),  F.  T.  Callis  (Shefrield), 
Jas.  Connolly  (Manchester).  J.  T.  Connolly  (Man- 
chester), A.  T.  Cooper  (Reading).  W.  R.  Cooper 
(London),  Lieut. -Col.  R.  E.  Crompton  (London),  P, 
Dawson  (London),  J.  R.  Dick  (Brighton),  W.  Dixon 
(Glasgow),  S.  Dobson  (London),  \V.  H.  Donner  (Lon- 
don). J.  Eck  (London),  Prof.  J.  Epstein  (Frankfort), 
R.  Erskine  (f.ondon).  W.  B.  Esson  (London),  .\, 
Fawcus  (.\ltrincham),  D.  Fawcus  (.\ltrincham),  W.  P.  ], 
Fawcus  (Manchester),  T.  J.  Feiklcn  (London),  S.  Z.  de 
l-'erranti  (London),  H.  W.  Firth  (Chingford),  A.  Foyster 
(lulinburgh).  J.  Gavey  (London).  W.  Geipel  (London), 
Prof.    E.    Gerard    (Liege).    R.    Kaye   Gray   (London). 


Plio/o  by  Ellhll  &  Fry 
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F.  A.  Greene  (Loiulon),  C.  J.  Hall  (Leeds),  R.  Hainimnul 
(London),  W.  E.  Hardy  (London),  W.  Harling  (Dews- 
bury),  J.  K.  Hcwett  (London),  G.  Hill  (Ashton-on- 
Mersey),  Col.  H.  C.  L.  Holden  (Woolwich),  F.  J.  Howitt 
(Bowden),  F.  H.  Jackson  (London),  H.  Jackson  (Nor- 
wich), J.  W.  Jacomb-Hood  (London),  C.  H.  McCarthy 
Jones  (Athens),  E.  M.  Lacey  (London),  F.  W.  Lacey 
(Bournemouth),  G.  W.  Lowcock  (Manchester),  J.  R.  P. 
Lunn  (Darlington),  Prof.  M.  Maclean  (Glasgow),  W.  G. 
McMillan  (London),  W.  M.  Madden  (London),  E.  M. 
Martin  (Hyde),  R.  B.  Matthews  (London),  H.  A.  Mavor 
(Glasgow),  G.  F.  Metzger  (Manchester),  H.  W.  Miller 
(London),  W.  M.  Mordey  (London),  Dr.  D.  K.  Morris 
(Birmingham),  J.  T.  Morris  (London),  C;.  J.  Morrison 
(London),  H.  D.  Munro  (Exeter),  G.  M.  Xeele  (Cheshire), 

G.  H.  Nisbett  (Liverpool),  Davidge  Page  (London), W.  C 
Peebles  (Edinburgh).  Col.  F.  Pescetto  (Genoa),  R.  S. 
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HIGH   CAPACIT 
WAG0N5. 


ONE    WHO    DOES    NOT    BKLIKVI'.    IX    Til  KM. 


(  ORRESPONDENT  who  is 
II  leading  engineer  of  one 
of  the  British  railway 
companies,  sends  us  an 
interesting  criticism  on  the 
High  Capacity  \Vagons,  ot 
which  we  have  heard  so 
much  lately.  He  says : — 
"  If  constructed  solely  for  the  conveyance  of 
loco  coal,  or  to  carry  coke,  iron  ore,  or  pig  iron 
to  depots  where  consignments  of  thirty  tons  and 
upwards  are  required  daily,  these  wagons  will 
no  doubt  effect  a  saving  in  the  haulage.  As, 
however,  they  cannot  be  used  for  shipping 
purposes,  there  being  no  plant  at  any  of  the 
ports,  except  two,  in  this  country  where  these 
wagons  can  be  handled,  the  question  arises — 
will  it  pay  dock  companies  to  abandon  the 
present  appliances  and  put  down  plant  capable 
of  dealing  with  this  class  of  wagon  ?  I  think  not. 
"Then,  again,  they  cannot  be  used  by  the  coal 
merchants,  or  by  the  colliery  companies  for 
conveying  coals  for  sale  in  this  country  e.xcept 
to  such  places  as  London  or  other  large  centres 
where  there  are  drops  or  pits  below  the  rail 
level  for  receiving  the  contents  of  the  wagon. 
Even  these  would  be  of  little  use  with  thirty- 
ton  wagons  having  bogies  at  each  end,  as  there 
could  only  be  bottom  doors  between  the  bogies, 
and  this  would  necessitate  at  least  twenty  tons 
of  the  contents  being  thrown  out  with  the  shovel. 
On  the  other  hand,  if  the  wagons  are  hoppored 
at  the  ends,  the  sides  and  ends  would  be  required 
to  be  built  higher,  which  would  necessitate  the 
colliery  screens  being  raised  to  admit^of  the 
wagons  passing  under  them. 

"In  view  of  the  fact  that  goods  wagons  are 
often  loaded  with  less  than  ten  tons  of  mer- 
chandise, I  think  it  will  be  at  once  admitted 
that  these  large  wagons'areof  no  n^^e  for  «oods 


traffic.  It  is  certain  thai  ihey  could  not  in-  run 
on  express  goods  trains,  as  wagons  carrying 
more  than  ten  tons  are  to  be  con\'eyed  by  trains 
not  running  at  more  than  twenty  miles  ]ier  hour. 

"  Again,  should  a  train  consisting  of  this  class 
of  wagon  be  in  a  collision,  and  thev  jump  the 
metals,  their  contents  would  have  to  be  trans- 
ferred into  other  wagons  before  anything  could  be 
done  in  the  way  of  replacing  them  on  the  rails.  If 
damiiged  to  such  an  extent  as  to  render  it  unsafe 
to  run  them  on  their  own  wheels,  the  main  line 
would  be  blocked  vip  for  a  considerable  length  of 
time,  and  much  difficulty  would  be  experienced 
in  getting  the  class  of  wagon  suitable  to  load  these 
thirty-ton  wagons  upon.  There  is  also  the 
enormous  cost  of  repairs  which  may  be  required 
after  the  collision,  probably  in  some  cases  it 
would  be  cheaper  to  condemn  the  wagon  rather 
than  repair  it.  The  cost  of  wear  and  tear  has 
also  to  be  considered,  and  as  the  Railway 
Companies  are  without  the  suitable  plant  lor 
building  or  repairing  this  class  of  wagon  at  the 
present  time,  the  cost  would  be  enormous. 

■•  Further,  the  thirty-ton  wagons  are  not  safe 
to  be  loose-shunted,  so  that  considerable  delay 
will  be  occasioned  in  shunting  operations. 

•'There  are  no  wagons  better  suited  for 
use  in  this  country  than  the  jiresent  oak  under- 
frame  and  deal  body  wagons.  These  can  be 
built  to  carry  either  ten,  twelve  or  fifteen  tons. 
They  cost  less  to  build,  and  less  to  maintain, 
and  are  also  more  easily  and  quickly  rejjaired. 

"Some  of  the  wagons  running  at  the  present 
time  and  carrying  eight  and  ten  tons  are  more 
than  twenty-five  years  old.  The\-  are  still  good 
wagons,  and  I  question  if  these  thirty-ton 
wagons  will  be  found  to  run  so  long,  even  it  they 
never  come  into  a  collision.  The  Talbott  self- 
discharging  wagon  I  have  not  seen,  but  I  under- 
stand that  it  is  onlv  intended  to  carry  ore, etc." 
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After  an  accident  the  danger  to  be  apprehended  to  those  who  are  severely  injured  depends 
in  a  measure  upon  the  length  of  time  which  must  elapse  before  medical  aid  can  reach  them.  This 
period  varies  from  a  few  moments  to  several  hours,  according  to  circumstances.  During  this 
interval  of  waiting  what  is  to  be  done?  In  some  instances  nothing  ;  in  others  prompt  action  must 
be  taken  to  save  life.  The  paper  indicates  tlie  nature  of  this  action  in  a  number  of  specified 
contingencies. —Ed. 


HE  causes  of  niininq; 
accidents  are  too 
numerous  and  varied 
to  permit  of  a  distinct 
classification.  Those 
most  constantly  oper- 
ative are  falls  from 
roof  and  sides,  use  of 
explosives,  foul  gases, 
operation  of  hoisting 
and  traction  ma- 
chinerv.  explosion  of 
mrtammable  gases 
(coal  muies),  traversing  ladder-ways,  placing  of 
timbers.  Under  the  term  "  miscellaneous  "  may  be 
grouped  all  others  which  contribute  in  any  degree  to 
the  production  of  accidents.  While  many  accidents, 
from  the  nature  of  things,  Eire  unforeseen  and  un- 
avoidable, it  is  to  be  regretted  that  a  certain  per- 
centage, far  too  great,  is  due  to  either  carelessness  or 
disobedience  of  the  rules  established  for  the  protection 
of  all,  including  those  who  habitually  transgress 
them.  It  seems  almost  incredible  that  men  should 
persist  in  dangerous  and  forbidden  practices  which 
imperil  the  lives  of  others  as  well  as  their  own,  merely 
to  save  time  or  avoid  a  little  additional  work,  yet  this 
is  often  done  with  no  apparent  concern  as  to  what 
may  happen  in  consequence.  This  indifference  to 
danger  is  perhaps  not  intentional  ;  constant  exposure 
without  iniury  begets  a  disposition  to  underrate  the 
liability  of  accidents  and  the  necessity  of  guarding 
against  them.  This  fact,  however,  does  not  excuse  one 
who  commits  a  rash  act  or  who  by  negligence  sacrifices 
the  lives  of  his  fellow-workmen  instead  of  contributing 

*  A  paper  read  by  Dr.  G.  \V.  King,  Helena,  Montana,  at  tlie  Butte 
Session  ot  the  .Mining  Congress. 


his  share  to  their  preservation  by  more  careful  attention 
to  duty. 

The  most  reliable  guarantee  of  safety  must  be  based 
upon  the  practical  knowledge  possessed  by  the  miner 
himself.  He  is  expected  to  understand  the  nature  of 
the  ground  in  which  he  works,  the  proper  manner  of 
breaking  it.  the  support  required  during  and  after 
the  extraction  of  the  ore,  the  precautions  to  be  taken 
for  the  safe  handling  of  explosives — in  short,  the 
whole  procedure  is  in  his  hands,  and  the  safety  and 
efficiency  of  the  work  depends  upon  the  skill  and 
judgment  exercised  in  its  accomplishment.  Self-  ■ 
protection  is  a  matter  of  inoividual  responsibility  in 
so  far  as  the  immediate  surroundings  are  concerned, 
and  should  be  the  first  consideration  in  all  that  is 
undertaken.  The  conditions  which  pertain  in  mining 
differ  materially  from  those  that  exist  in  ordinary 
labour  above  the  surface  of  the  ground.  The  miner, 
for  instance,  must  work  by  the  aid  of  a  candle  or 
safety  lamp,  and  such  Ught  may  prove  inadequate  for 
the  close  inspection  of  loose  rock  in  the  roof  and  sides 
of  levels  and  stopes,  and  unless  special  care  is  taken 
dangerous  indications  may  be  overlooked  even  by  a 
careful  and  competent  observer. 

These  are  some  of  the  common  and  ever-recurring 
situations  under  which  the  work  is  done.  Something 
more  than  the  mere  ability  to  perform  manual  labour 
is  demanded  ;  there  must  be  skill  to  direct  and  govern 
every  act  ;  mistakes  are  perilous  by  the  swift  and 
destructive  consequences  which  mav  follow.  To 
become  skilled  as  a  miner  an  apprenticeship  more 
exacting  than  that  practised  for  the  various  trades  must 
be  accepted  as  the  true  method  of  training. 

Looking  a  little  further  into  the  causes  of  mining 
accidents,  we  find  an  appreciable  number  chargeable 
to  the  use  of  explosives.     The  agent   most  generally 
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employed  is  nitro-glvcerine.  known  to  the  trade  as 
dynamite  or  giant  powder.  This  substance  is  reason- 
ably safe  at  a  moderate  temperature  and  under 
ordinary  atmospheric  conditions,  but  is  always  to  be  re- 
garded with  suspicion,  and  few  liberties  should  be  taken 
with  it,  as  no  one  can  as  yet  determine  the  exact  explo- 
sive point  at  anv  time  or  place,  much  less  the  influences 
which  lead  up  to  it.  and  induce  a  state  of  extreme 
sensitiveness  which  responds  to  the  slightest  jar  or 
vibration.  It  possesses  the  disadvantage  of  readily 
congealing  at  a  lowered  temperature,  necessitating 
the  application  of  heat  to  expel  the  frost  before  using. 
This  latter  process  is  a  source  of  real  danger,  and 
ought  not  to  be  trusted  to  inexperienced  hands,  or 
to  any  one  for  that  matter,  without  the  proper  appli- 
ances for  regulating  the  heat  to  safe  limits.  The 
method  which  gives  the  best  security  is  that  by  which 
a  moderate  and  uniform  temperature  is  maintained, 
and  the  placing  of  a  competent  man  in  charge  of 
the  process  whose  duty  it  would  be  to  supply  tlie  miners 
with  powder  and  fuse  upon  requisition.  Accidents 
which  occur  while  charging  the  holes  or  from  mistakes 
in  length  of  fuse,  neglect  in  signalling,  defect  in 
arranging  faciUties  for  retiring  to  a  safe  distance,  are 
for  the  most  part  preventable,  and  the  fault  lies  with 
the  workmen  themselves. 

The  ec]uipment  of  shafts  operated  by  means  of 
cages  has  been  so  well  perfected  that  comparatively 
few  accidents  are  noted  if  we  take  into  account  the 
amount  of  work  done  and  the  number  of  men  trans- 
ported to  and  from  their  work  from  month  to  year 
in  the  various  mines  that  are  in  active  operation. 
When  an  accident  does  occur  in  connection  with  the 
working  of  a  shaft  it  is  usually  a  serious  one.  The 
parting  of  a  cable,  the  sudden  giving  of  the  brake 
upon  the  hoisting-engine,  the  failure  of  safety  clutches, 
overwinding  and  precipitation  of  the  cage  to  the 
bottom  of  a  deep  mine — any  one  of  these  unfortunate 
mischances  must  necessarily  be  attended  with  loss  of  life. 

In  sinking  winzes  and  working  shafts  in  the  less 
pretentious  mines,  buckets  are  used  to  convey  men 
and  for  general  use  in  hoisting.  The  bucket  when 
working  without  guys  is  not  under  absolute  control, 
and  when  propelled  at  a  high  rate  of  speed  assumes 
a  rotary  motion,  which  is  apt  to  cause  vertigo  in 
some  individuals  to  such  a  degree  as  to  render  them 
incapable  of  retaining  their  grasp  upon  the  cable,  as 
in  one  instance  coming  to  the  writer's  notice — that 
of  a  miner  falling  from  a  bucket  in  making  a  descent 
of  200  ft.  in  a  veitical  shaft.  No  other  cause  could 
be  assigned.  Closing  the  eyes  tightly  will  in  a  measure 
counteract  the  sensation  of  vertigo  and  prevent 
accident. 

The  speed  should,  however,  be  regulated  within 
reasonable  limits.  The  practice  of  riding  upon  a 
loaded  bucket  is  unsafe  and  should  never  be  done. 
Here  is  a  case  in  point  :  Two  miners  were  riding 
upon  a  bucket  in  which  some  pieces  of  lagging  were 
being  hoisted.  Neglecting  to  lash  the  top  of  the 
poles  securely,  they  came  in  collision  with  one  of  the 
timbers  of  the  shaft  ;    the  cable  was  broken,  and  the 


bucket    with    its    contents    was    precipitated    to    the 
bottom,  with  fatal  results. 

Other  cases  might  be  cited  to  prove  that  the  | 
referred  to  is  a  dangerous  one,  but  the  f  ■■  ' 
apparent  to  need  further  comment. 

The  handling  of  heavy  timbers  has  ii:^  .[nwij  ,,, 
mishaps,  such  as  the  breaking  of  ropes,  slips,  and 
sliding-ground  risks  that  are  usually  unavoidable. 

Machine-drilling  in  mines  is  not  especially  dangerous  ; 
the  few  accidents  that  come  under  observation  happen 
while  setting  up  the  machine  or  from  the  giving-way  of 
ground  upon  which  it  stands.  Small  particles  of  steel 
from  the  drill  are  liable  to  injure  the  eyes  by  becoming 
imbedded  in  the  cornea.  They  are,  however,  readily 
extracted  by  applying  cocaine  and  using  a  mag- 
netised instrument  of  suitable  size.  If  the  foreign 
body  penetrates  into  the  interior  of  the  eye  the  loss  of 
that  organ  is  a  probable  result. 

.\ccidents  met  with  in  loading  and  coupling  cars 
are  u.sually  of  a  minor  class,  and  are  in  the  majority 
of  instances  due  to  the  want  of  care  on  the  part  of 
the  workmen  thus  engaged. 

.\ccidents  from  the  inhalation  of  poisonous  gases  is 
a  subject  of  special  interest  to  miners,  on  account  of 
their  frequent  exposure  while  working  underground. 
The  best-ventilated  mines  are  not  entirely  free  from 
this  danger,  and,  as  a  consequence,  miners  are  some- 
times overcome  by  breathing  gases  collected  or 
generated  in  stopes  on  recesses  that  cannot  be  wholly 
purified.  Where  good  ventilation  has  not  been 
provided,  as  in  shafts  and  tunnels  projected  by  pros- 
pectors, the  danger  is  proportionally  increased.  The 
attempt  to  return  too  soon  after  blasting  has  occa- 
sioned los-s  of  life.  The  introduction  of  compressed 
air  as  a  motive  power  in  the  larger  mines  is  of  signal 
service  in  this  particular.  After  blasting  the  air  is 
turned  on,  and  the  obnoxious  gases  driven  out  before 
the  men  resume  their  labour.  The  candle  test  for 
unsafe  air  is  observed  by  miners  generally.  They  know 
that  an  atmosphere  too  poor  in  oxygen  to  support  the 
flame  of  a  candle  is  unfit  to  breathe,  and  precaution 
must  be  taken  to  avoid  such  localities  when  it  is  pos- 
sible to  do  so.  They  should  also  understand  that 
this  test  is  not  infallible.  There  may  be,  and  often 
is,  an  admixture  of  gases  capable  of  supporting  the 
flame  from  a  candle  and  yet  deadly  when  inhaled. 
Experienced  miners  cannot  have  failed  to  note  the 
behaviour  of  the  candle-flame  under  these  conditions. 
It  flares  up  with  a  pale-bluish  light,  due  to  the  presence 
of  a  gas  known  as  carbon-monoxide.  It  is  one 
of  the  most  poisonous  gases  with  which  the  miners 
come  in  contact.  A  product  of  imperfect  combustion, 
it  is  generated  by  the  detonation  of  explosive  com- 
pounds, and,  being  colourless,  odourless,  and  tasteless. 
its  presence  is  only  made  apparent  by  certain  symptoms 
produced  by  its  poisonous  action  when  introduced 
into  the  blood  by  continuous  inhalation. 

.\ssociated  with  the  ordinary  carbon-dioxide  which 
infests  mines  in  as  small  a  proportion  as  one  per  cent, 
it  may  prove  injurious.  A  combination  of  the  two 
gases  seems   to   increase   the   toxicity  of  each   other. 


I 


470 


Page's    Magazine. 


Carbon-dioxide  is  fortunately  less  active  than  the 
monoxide  ;  moreover,  it  has  a  slight  taste  and  odour , 
and  can  therefore  be  more  readily  detected.  The 
two  gases  are  generally  associated  together,  and  the 
chief  concern  is  to  be  able  to  determine  when  their 
percentage  in  the  atmosphere  has  passed  beyond  the 
limit  of  safety. 

It  is  true  that  a  diiference  e.\isls  among  individuals 
in  regard  to  their  susceptibility  to  the  action  of  these 
gases.     One  may  be  overcome  in  a  place  where  another 
suffers    but    slight    inconvenience.     This    fact    often 
encourages   the   latter    to    take   unnecessary   chances. 
Men  of  experience  and  judgment,  however,  rarely  go 
into  a  place  where  the  air  is  known  to  be  bad  without 
being   prepared    to   retreat    promptly   upon    the   first 
indication    of    danger.     What    these    indications    are 
should  be  as  famihar  to  the  trammer  as  to  the  miner 
himself,  for  it  is  among  the  former  class  that  accidents 
from   inhalation  of  foul  air   is   most  liable   to  occur. 
Their  work  necessitates  the  handling  of  loose  earth, 
which  is  more  or  less  permeated  by  the  gas,  which  is 
easily   freed   by   the   disturbance   and   becomes   mixed 
with   the    air    they    breathe.       Poisoning    by    carbon- 
dioxide  is  at  the  time  so  insidious  that   the  warning 
symptoms  are  unnoticed  until  too  late  to  escape. 

Symptoms  of  poisoning  by  cnrbon-dioxide. — The 
smell  and  taste  of  the  gas  is  usually  quite  perceptible, 
and  this  indicates  its  presence  when  the  percentage  is 
small.  Nothing  more  than  a  dryness  of  the  throat 
and  a  slight  headache  may  be  e.xperienced.  In  large 
amounts  the  headache  becomes  more  intense  ;  a  peculiar 
throbbing  pain  is  felt  over  the  brow  and  back  of  the 
head.  Vertigo  supervenes,  and  the  sight  becomes 
dim  and  the  limbs  weak.  There  is  a  nausea  and 
vomiting.  An  uncontrollable  desire  to  sleep  comes  on, 
and  the  person  falls  never  to  rise,  unless  carried  out 
immediately.  In  an  atmosphere  completely  saturated 
with  carbon-dioxide  these  progressive  symptoms 
are  not  noted,  for  the  reason  that  all  is  over  in  a  very 
few  moments. 

The  result  is  practically  the  same  as  being  submerged 
in  water.     To  rescue  those  who  are  insensible  a  sys- 
tematic plan  of  relief  should  be  adopted.     To  rush  in 
excitedly    only    complicates     the    w-ork,     very     likely 
adding  to  the  number  of  already  disabled.     Form  a 
relay  of  men  and  instruct  the  one  who  is  to  enter  to 
apply  a  sponge  or  handkerchief  saturated  with  water, 
or  preferably  with  vinegar,  over  the  mouth  and  nostrils. 
He   must    go   quickly   forward,    take   hold   of   the   one 
insensible  and  drag  him  to  the  entrance  as  far  as  he  can 
with  safety  to  himself,  then  retire  and  give  place  to  the 
one  who  stands  ready  to  succeed  him.     This  will  render 
the  rescue  work  less  hazardous  to  all  concerned.    Opera- 
ting in  a  shaft  is  more  difficult  and  dangerous.     When 
the  descent  is  made  by  a  bucket  for  any  considerable 
distance    through    a    poisoned    atmosphere    it    is    im- 
possible  to   stand   erect   within   it   and   maintain   an 
equilibrium  after  the  paralysing  effects  of  the  gas  is 
experienced.     A    sitting    or    kneeling    posture    should 
therefore  be  assumed  to  avoid  the  possibility  of  being 
precipitated    frcm    the    bucket.      Should    descent    by 


ladder-way  be  undertaken,  a  rope  iastenetl  about  the 
waist  and  manned  from  above  is  recommended  as  a 
wise  precaution.  A  second  rope  may  be  lowered,  if 
necessary,  and  made  fast  to  the  person  to  be  brought 
up  by  means  of  a  loop  drawn  snugly  around  the  body 
close  under  the  arms.  The  act  of  hoisting  an  uncon- 
scious person  by  the  aid  of  a  rojje  must  be  conducted 
with  reasonable  care  ;  the  tension  ought  to  be  steady, 
lest  too  forcible  contact  with  jutting  timbers  or  rocks 
should  result  in  serious  injury. 

The  treatment  of  asphyxia  produced  by  inhalation 
of  poisonous  gases  will  be  referred  to  in  appropriate 
connection. 

The  prevention  of  mining  accidents  has  been  the 
subject  of  much  study,  and  investigation  is  continu- 
allv  being  made  by  engineers  and  practical  mining  men. 
Legislatures  have  also  endeavoured  to  surround  the 
miners  with  additional  safeguards  by  legal  enactments. 
Improvement  has  certainly  been  made,  and  with  the 
advent  of  electricity  for  the  purpose  of  lighting  and 
motive  power,  further  progress  will  be  made  evident 
in  the  equipments  of  mines  that  are  to  be  operated  in 
the  future. 

Were  it  possible  to  exclude  the  accidents  which  are 
clearly  preventable,  the  occupation  of  mining  would 
be  less  hazardous  and  the  mortality  lessened,  a  result 
most  helpful  and  worth  striving  for,  since  at  best  there 
will  be  fatahties  enough  and  to  spare. 

Taking  the  practical  view,  then,  that  with  the  best 
equipment   and  most  efficient   service,   accidents  may 
and  do  happen,  the  care  of  the  injured  must  be  con- 
sidered with  reference  to  their  immediate  necessities. 
To  be  prepared  for  emergencies  is  the  first  essential. 
This  refers  to  the  few  medicines  and  appliances  that 
may  be  needed  for  temporary  use.     These  articles  should 
be  kept  in  reserve  at  the  most  accessible  station  within 
the  mine,   and  plain  and  concise  directions  for  their 
proper    and    legitimate    use    posted   in  a    conspicuous 
place,  that  all  may  learn   how   and   what   to   do  for 
others  in  case  of  need.     To  avoid  unnecessary  comph- 
cations  the  list  of  articles  must  be  limited  to  the  actual 
requirements,  enumerated,  it  would  appear,  as  follows  : 
One  half-dozen  bandages,  2|  in.  to  3  in.  in  width  and 
I  yard  in  length  ;  one  package  of  absorbent  cotton  ;  one 
roll  of  adhesive  plaster  ;    one  dozen  safety-pins  ;    gal- 
vanised wash-bowl,  soap,  and  towel ;   temporary  splints 
for  the  limbs  ;    a  litter  ;    one  cylinder  of  compressed 
oxygen  gas,  with  inhaling  mask  ;   medicines  other  than 
stimulants  are  not  indicated.     Two  ounces  of  aromatic 
spirits  of  ammonia,  with  a  small  flask  of   brandy,  are 
added   for    the    latter.     The    medicines  and  dressings 
may  be  stored  in  a  tin  box  with  a  tightly-fitting  cover, 
and  the  whole  protected  from  moisture. 

After  an  accident  the  danger  to  be  apprehended  to 
those  who  are  severely  injured  depends  in  a  measure 
upon  the  length  of  time  which  must  elapse  before  medi- 
cal aid  can  reach  them.  This  period  varies  from  a  few 
moments  to  several  hours,  according  to  circumstances. 
During  this  interval  of  waiting  what  is  to  be  done  ? 
In  some  instances  nothing  ;  in  others  prompt  action 
must   be   taken    to   save   life.      L'pon    those   who   are 
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prLbcnt  or  lirst  to  arrive  dtvolvcs  llic  duly  ol  aUuiiduig 
to  the  immediate  necessities,  whatever  they  may  lie, 
as  best  they  can.  The  demorahsing  effect  of  an  acci- 
dent upon  those  who  witnessed  it  is  apt  to  be  harmful 
in  two  ways — First,  by  causing  delay  when  time  is  the 
important  factor ;  second,  by  inciting  too  energetic 
attempts  at  rendering  assistance.  It  is  therefore  well 
to  remember  that,  however  alarming  the  situation, 
calmness  and  presence  of  mind  are  all-important. 

Indue  excitement  contributes  to  render  the  chances 
of  succour  less  certain,  if  not  impossible.  One  who  is 
competent  to  do  the  right  thing  whenever  and  where- 
ever  such  service  is  imperative  e.xerts  an  influence  most 
assuring  and  helpful  to  those  in  peril,  and  to  those  who 
must  assist  in  their  care.  Gentleness  without  timidity 
is  of  inestimable  value  in  this  service  under  all  condi- 
tions. 

In  caring  for  the  injured  there  are  certain  things  to  do, 
applicable  in  all  cases,  and  we  therefore  begin  by  placing 
the  individual  in  a  recumbent  an<leasy  position,  and  pro- 
ceed to  loosen  the  clothing  about  the  neck  and  chest;  and, 
if  the  patient  is  able  to  swallow,  and  there  is  no  excessive 
bleeding,  external  or  internal,  from  wounds  or  concus- 
sions, a  moderate  amount  of  whisky  or  aromatic  spirits 
of  ammonia  may  be  given  as  a  temporary  stimulant. 
If  stunned  or  nnconscious,  no  attempt  to  give  fluids 
by  the  mouth  ought  to  be  made,  owing  to  the  liability 
of  their  entering  the  windpipe  and  causing  suffocation. 
Cold  water  may  with  advantage  be  sprinkled  on  the 
face  to  excite  effort  at  breathing.  Friction  applied  to 
the  extremities,  being  careful  to  select  those  which  are 
uninjured,  is  a  healthy  measure.  Heat  apphed  externally 
is  indicated  when  the  surface  of  the  body  is  cold  and  the 
circulation  feeble.  When  reaction  has  become  estab- 
lished, the  limbs  should  be  examined  one  by  one.  and 
in  the  same  careful  manner  the  chest,  abdomen,  and 
head.  In  this  way  the  injuries  cannot  fail  to  be  noted. 
When  there  is  dangerous  ha'morrhage  caused  by  wounds, 
and  fainting  from  loss  of  blood  ensues,  appropriate 
means  to  control  it  must  be  employed  promptly.  To 
arrest  bleeding,  different  methods  are  employed,  all 
more  or  less  mechanical.  Pressure  is  the  readiest  and 
most  effective  means  for  the  temporary  control  in 
urgent  cases.  To  apply  the  fingers  over  the  course  of 
an  artery  and  compress  it  sufficiently  to  shut  off  the 
current  of  blood  requires  but  an  instant,  and  this  ad- 
\antage  in  time  is  not  to  be  overlooked,  especially  when 
a  large  vessel  is  wounded. 

Troublesome  bleeding  from  wounds  in  the  palm  ot 
the  hand  is  effectually  checked  by  similar  methods. 
Digital  compression  of  the  large  arteries  of  the  thigh 
is  more  difficult,  owing  to  the  big  mass  of  muscles  by 
which  it  is  surrounded.  Resort  must  be  sought  in  more 
effective  methods.  The  limb  should  be  elevated,  and 
a  small  firm  pad  placed  over  the  artery  ;  then  a  hand- 
kerchief or  piece  of  rope  is  made  to  encircle  the  limb 
over  the  pad,  a  sharp  stick  introduced  into  the  loop 
and  twisted  upon  itself  until  the  bleeding  is  effectually 
controlled. 

Cold  is  an  effective  means  of  checking  oozing  from 
small  arteries  or  veins.     Ice,  snow,  or  cold  water  is 


placed  in  contact  with  the  bleeding  surface.  Heat  is 
equally  serviceable,  and  is  applied  by  means  of  com- 
pressors dipjieil  in  hot  water.  In  deep  wounds,  when 
the  source  of  bleeding  is  obscure,  and  the  condition  of 
the  patient  critical,  packing  the  wound  with  strips  of 
gauze,  or  with  absorbent  cotton,  is  permissible,  .\fter 
removing  blood-clots  the  gauze  or  cotton  is  forced  into 
the  bottom  of  the  wound  and  the  cavity  filled,  and  a 
bandage  firmly  applied  to  the  parts.  In  these  manipu- 
lations absolute  cleanliness  is  to  be  insisted  upon  to 
prevent  infection.  The  hands  of  the  operator  should 
be  thoroughly  scrubbed  with  soap  and  water,  anil  the 
dressings  kept  free  from  contamination  with  as  much 
care  as  possible 

Interna!  bleeding,  induced  by  serious  injuries,  is, 
unfortunately,  not  amenable  to  active  treatments, 
and  we  must  content  ourselves  with  insisting  upon 
perfect  quietude,  administering  cool  drinks,  and  apply- 
ing cold  compresses  over  the  affected  region.  These 
sinqile  means  may  appear  insignificant  and  of  doubtful 
utility  in  the  presence  of  grave  conditions,  and  the 
temptation  to  do  something  more  radical  in  the  way 
of  treatment  is  at  times  difficult  to  resist.  A  moment's 
reflection  upon  the  indications  to  be  met  should  estab- 
lish the  fact  that  the  immoderate  use  of  stimulants  or 
active  movements  of  the  patient  tend  to  deviate  the 
object  we  have  in  veiw,  viz.,  to  favour  the  formation 
of  a  clot  at  the  point  of  rupture  of  the  artery  or  vein — 
Nature's  method  of  arresting  haemorrhage.  Fainting 
is  a  saving  incident  and  may  be  so  regarded,  unless  the 
weakness  is  progressive  and  the  shock  so  profound 
as  to  threaten  immediate  death.  In  the  latter  emer- 
gency stimulation  and  warmth  must  be  the  treatm.ent. 
It  is  to  be  understood  that  surgical  skill  is  required 
to  deal  with  such  extreme  cases. 

The  suggestions  above  outlined  are  for  the  benefit 
of  those  who  are  uninstructed  in  the  treatment  of 
severe  injuries.  First  aid  applies  only  to  the  tempo- 
rary care  of  those  who  are  disabled  and  helpless  ;  with 
that  its  utility  ceases.  Some  injuries  disable  without 
endangering  life,  as  instanced  in  the  case  of  fractures 
of  the  limbs.  Here  some  support  is  needed  to  steady 
the  fragments  during  transportation.  The  resuscita- 
tion of  those  wlio  liave  been  overcome  and  rendered 
unconscious  by  inhalation  of  poisonous  gases  is  neces- 
sarily first-aid  work.  The  question  of  how  to  accom- 
plish this  object  must  be  considered. 

Little  can  be  done  before  removal  to  a  location  where 
the  air  is  comparatively  fresh.  Then  cold  water  dashed 
into  the  face  and  friction  applied  to  the  limbs  will 
stimulate  the  resumption  of  breathing.  Should  it  fail 
to  do  so,  artificial  respiration  must  be  resorted  to  at 
once.  It  consists  of  forcing  air  into  the  lungs  by 
imitating  the  natural  act  of  breathing.  The  stepsof  the 
procedure  arc  as  follows  :  Place  the  patient  upon  his 
back  with  head  and  shoulders  slightly  elevated  ;  loosen 
the  clothing  and  cleanse  the  mouth  and  nostrils  ;  pull 
the  tongue  forward  and  bring  it  out  at  the  angle  of  the 
mouth,  to  remove  all  obstruction  to  the  entrance  of  air. 
The  operator  then  kneels  at  the  head  of  the  patient,  and, 
reaching   forward,   grasps  the  arms  near   the  elbows. 
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carries  them  up  in  an  extended  iK)sition.     This  man- 
a-uvre  creates  a  vacuum  in  the  hmgs,  allowing  air  to 
enter.     The  arms  are   liekl   in    tliis  position   for   two 
seconds,    then  carried   downward   and   pressed   firmly 
against  the  sides,  forcing  air  from  the  lungs  by  com- 
pression.     This  to-and-fro  movement  is  kept  up  at  the 
rate  of  fourteen  to  fifteen  per  minute,  until  there  is  a 
return  to  natural  breathing,  usually  shown  by  a  volun- 
tary gasp  on  the  part  of  the  patient.      This  is  the  most 
reliable  of  all  methods  for  restoring  suspended  animation 
caused   by   inhaling  carbon-dio.\ide.     Air  must  be  got 
into  the  lungs  either  by  force  or  natural  act  of  breath- 
ing, otherwise  the  case  is  hopeless.     This  is  true  for 
physiological  reasons  which  cannot  be  discussed  here  ; 
suffice  it  to  say  that  under  normal  conditions  oxygen 
freely  enters  the    blood    by  way  of  the  lungs,  and  its 
presence  there  is  essential  to  life.     As  soon,  therefore, 
as   the  breathing  becomes  regular   the   inhalation   of 
oxygen  gas  may  be  begun,   and  continued   until   the 
livid  colour  of  the  skin  becomes  less  marked,  ami  con- 
sciousness returns. 

In  the  absence  of  the  oxygen  gas,  stimulants  are  next 
to  be  thought  of,  as  soon  as  there  is  abihty  to  swallow. 
Whisky  or  aromatic  spirits  of  ammonia  are  choice 
Ammonia  has  the  property  of  quicker  action,  but  less 
durable  than  that  of  alcohol.  Sniffing  the  fumes  of 
ammonia  is  also  useful.  When  patients  begin  to  re- 
vive there  is  apt  to  be  cramping  of  the  limbs,  or  general 
convulsions.  This  requires  no  treatment  beyond  pro- 
tecting them  from  injuring  themselves  by  the  con- 
vulsive movements.  The  cases  need  watching  for  some 
hours,  for  it  may  happen  that  those  who  are  apparently 
out  of  danger  will  suffer  a  relapse  and  become  again  un- 
conscious and  die  if  left  to  themselves. 

The  lifting  and  carrying  of  the  injured  is  apt  to  be 
awkwardly  done  by  men  inexperienced  in  such  service. 
Many  injuries  are  of  such  a  nature  that  misapplied 
force  will  further  complicate  the  lesions  which  already 
exist,  if,  indeed,  it  does  not  lead  to  irreparable  damage. 
A  simple  fracture  of  the  leg  may  be  converted  into  a 
compound  one  by  injudicious  handling.     An  unneces- 
sary laceration  of  tissue  is  produced,  and  consequent 
suffering,  besides   adding  to   the  gravity  of    the  case. 
This  is  but  one  of  the  many  things  wliich  may  happen 
to  the  disadvantage  of  the  patient  during  transporta- 
tion.    To  lift  an  injured  person  properlv  requires  three 
bearers.     Two  should  stand  upon  opposite  sides  in  a 
position  to  support  the  upper  part  of  the  body,   the 
third  where  he  can  conveniently  take  care  of  the  lower 
extremities.     Then,   with  the  patient  upon  his  back, 
all   drop  upon  one  knee.     The  two  principal  bearers, 
pushing    their    arms     under    the    back,    lock     hands 


lirmly  together.  The  third  j)usiies  both  arms  under 
the  limbs.  At  a  given  signal  all  arise  to  their  feet. 
The  weight  is  thus  so  evenly  distributed  as  to  be 
easily  borne,  and  there  is  no  appreciable  jar  or  sudden 
twisting  of  injured  parts. 

A  litter    devised  by  the  writer  is  adapted  for  under- 
ground work,  and  insures  safety  in  whatever  position 
it  may  be  placed.     By  its  tise  in  mining  accidents  the 
difficult    problem    of    getting    those    severely    injured 
to  the  surface  without  discomfort  or  danger  is  satisfac- 
torily solved.     The  litter,  with  its  burden,  may  be  put 
u])on  a  cage  or  in  a  bucket,  and,  when  fastened  in  appro- 
priate position,  can  be  brought  up  without  disturbing 
the  position  of  the  patient.     To  the  litter  a  rope  is 
attached  to  one  end,  and  a  guy  line  to  the  other,  the 
latter  being  used  to  steady  it  during  transit.     When 
the    upright    position    cannot    be    maintained — owing 
to  syncope  from  loss  of  blood — a  semi-horizontal  or  even 
reverse  position   may  be  chosen   for  the  time  being, 
in  order  to  allow  the  remaining  blood  to  gravitate  to- 
wards   the    heart    and    brain — an    expedient    that   is 
sometimes    useful   in    extreme  cases.      The   fastenings 
are    so    arranged    that    the    position    of    the    patient 
is    not    changed    with    reference    to    the  litter    while 
executing    the     different    movements    of    hoisting    or 
transporting  through  narrow  passages,  thus  affording 
additional    securitv    and    dispensing    with    an    e.xtra 
number  of  bearers.      In  practice  this  plan  has  proved  to 
be   an   excellent   one.       The    litter  is   inexpensive  and 
durable,     .\fter  being   brought  up  to  the  surface   the 
injured  are  given  over  to  the  care  of  a  physician,  or 
placed  in  an  ambulance  for  conveyance  to  the  hospital, 
and  the  duties  pertaining   to  first   aid  are  practically 
ended. 

In  rendering  first  aid  to  the  injured  simple  methods 
are  to  be  preferred  ;  they  are  always  available,  and, 
moreover,  within  the  comprehension  of  any  one  pos- 
sessed of  ordinary  intelligence,  and  can  by  them  be  easily 
put  in  practice  at  the  time  and  place  most  urgently 
demanded. 

Officious  and  meddlesome  interference  is  to  be 
avoided.  It  is  never  necessary,  and  may  do  harm. 
There  are  certain  definite  things  to  be  done  in  sudden 
emergencies.  Common-sense  and  prudence  should 
indicate  the  course  to  pursue  in  every  instance.  The 
rule  to  do  no  harm  is  a  good  one,  and  should  be  kept 
in  mind  at  all  times.  Its  observance  is  never  a  cause  of 
regret  ;  but,  on  the  contrary,  an  evidence  of  a  true  desire 
to  keep  within  the  limits  of  safety — a  most  commend- 
able qualification  in  the  non-professional  when  called 
upon  to  take  an  active  part  in  the  rare  of  the 
injured. 
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TURRET     LATHES. 

]  HE  Pratt  and  Whitney 
Company,  of  Hart- 
ford. Conn.,  have  just 
brought  out  a  new- 
line  of  turret  lathe? 
that  embody  several 
very  novel  features. 
The  object  in  view 
is  to  render  them 
suitable  for  shops  that 
ilo  a  general  run  of 
work,  as  well  as 
for  those  handling 
specialities.  They  differ,  therefore,  in  several  of  their 
details  from  the  ordinary  turret  lathes. 

In  the  first  place  the  headstock,  bed,  and  waste 
lubricant  pan  are  cast  in  one  piece.  There  is  thus  no 
risk  of  the  head  ever  getting  out  of  alignment,  besides 
which,  greater  rigidity  is  secured,  and  the  broad  pan 
reinforces  the  bed  without  at  all  increasing  the  weight 
of  metal.  In  the  two  smaller  sizes,  viz.,  f-in.  by 
4j-in..  and  i-in.  by  lo-in.,  the  cone  pulley  is  placed  with 
its  small  step  facing  towards  the  turret,  an  arrangement 
which  permits  of  a  stiffer  design  of  upright  and  spindle- 
bearing  than  the  common  design  does.  In  the  larger 
sizes,  i^-in.  by  iS-in.  and  :!-in.  bv  26-in.,  the  large  step 
of  the  pulley  faces  the  turret. 

The  chuck  arrangements  are  different  in  some  of 
their  details  from  the  regular  types.  Thus,  they 
embody  provisions  both  for  bar  work  and  for  holding 
thin  flat  pieces.  One  valuable  feature  is  that  the  act 
of  closing  the  coll.ets  or  spring  jaws  does  not  in  the 
slightest  degree  affect  the  longitudinal  position  of  the 
work  being  gripped.  The  collet  gripping  mechanism 
for  bars  is  shown  in  fig.  i ,  and  that  for  flat  pieces  in 
lig.  2.  These  designs  are  similar,  subject  to  the  modi- 
fications due  to  the  difference  in  the  character  of  the 
two  classes  of  work.    1 


In  fig.  I — the  design  for  bars,  passed  through  the 
hollow  spindle — .\  is  the  collet,  B  a  spring,  C  the  ring 
that  closes  the  collet,  D  a  cap  that  is  screwed  on  the 
end  of  the  spindle  E,  F  the  plunger,  and  G  a  liner.  In 
action,  the  advance  of  the  plunger  F  thrusts  C  over  the 
tapered  end  of  tlie  collet  .\,  closing  it  upon  the  work. 
.\  slides  down  the  face  a,  on  the  inner  surface  of  the 
cap  D,  and  these  faces  are  ground  to  a  mutual  fit,  and 
are  tangential  to  a  circle  struck  from  the  centre  of  the 
hole  which  encloses  the  spring  B.  The  spring  keeps 
the  faces  a  in  contact  as  long  as  the  plunger  F  is  in 
contact  with  C  ;  but  forces  C  back,  allowing  the  collet 
to  open,  as  soon  as  F  is  withdrawn.  The  object  of 
the  liner  G  is  to  ensure  a  proper  ahgnment  of  the  collet 
with  the  bearing.  The  faces  n  are  kept  in  close  contact 
by  the  spring,  and  thus  preclude  the  possibility  of  dust 
getting  into  the  mechanism  or  into  the  spindle. 

In  the  chuck  for  flat  pieces,  fig.  2,  the  mechanism  is 
similar,  but  the  place  of  the  collet  is  taken  by  a  step 
chuck  .\,  and  closer.  The  chucks  A  are  supplied 
blank,  so  that  the  users  can  bore  them  to  any  diameters 
required. 

The  provisions  for  regulating  the  length  of  bar  to 
be  cut  off  are  hand-operated  in  the  small  machines. 
.\  modified  style  of  Parkhurst  wire  feed  is  embodied 
in  these.  The  feed  sleeve  is  operated  through  a  link, 
which  is  so  connected  as  to  give  a  feed  to  the  rod 
double  that  for  a  given  movement  of  the  lever  which 
can  be  obtained  in  the  standard  Parkhurst  rod  feed, 
\  long  feed  can  be  thus  obtained  by  one  movement  of 
the  arm.  instead  of  two,  and  as  no  power  is  lost,  there 
is  a  clear  gain  obtained  in  the  improved  form.  In  the 
2-iii.  by  20-in.  lathe,  a  power  roller  feed  is  employed  of 
a  simple  type,  readily  adjustable  to  cover  a  wide  range 
of  sizes  in  bars.  In  the  turret  itself  several  new 
features  have  been  embodied  that  make  for  stiffness, 
accuracv,  and  ready  means  of  adjustments. 

The  usual  intermediate  slide  is  omitted,  the  actual 
turret  slide  moving  directly  upon  the  bed  of  the  lathe. 
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The  alignment  of  tools  shouUl  be  absolutely  ensured 
by  this  method.  Th"j  strains  are  taken  by  one  slide 
only,  instead  of  two.  The  gibs  are  placed  underneath, 
so  that  wear  does  not  affect  the  alignment  of  the  tools. 
The  edges  of  the  bed  are  bevelled  in  truncated  vee 
fashion.  The  turret  revolves  about  a  heavy  conical 
post  or  centre  pin,  secured  in  the  turret  slide,  and 
bored  through  its  upper  portion  to  permit  of  long  liars 
passing  clear  through  the  turret  body.  The  large  index 
rings  are  of  hardened  steel.  Locking  takes  place  under 
the  tool  in  use.  The  locking  bolt  is  nearly  half  as  long 
as  the  turret  slide,  and  wide  enough  to  permit  the  post 
on  which  the  turret  revolves  to  pass  through  it.     Its 


They  include  several  designs  for  single,  and  multiple 
sets  of  tools  for  roughing,  and  linishing.  The  tool 
holders  and  steady  rests  appear  like  bosses  sticking 
out  from  a  plate  fixed  in  one  of  the  holes  in  the  turret. 
Multiple  tools  have  their  holders  further  supported  by 
a  front  plate.  The  arrangements  allow  of  very  rapid 
setting  of  tools,  and  of  multiple  ci.tting. 

In  one  design,  the  roughing  tools  and  their  two 
opposed  steady  rests  are  each  carried  on  a  single  plate 
fitted  to  the  turret  holes,  and  pierced  with  a  central 
hole  for  the  passage  of  bars.  The  roughing  tool  carrier 
pivots  around  a  centre,  and  its  radial  position  for 
diameter  is  set  finely  by  a  screw  clamped  in  a  curved 
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wear  can  be  taken  up  with  a  taper  gib  on  each  side 
without  removing  the  turret  from  the  slide. 

There  are  several  other  points  of  value  in  connection 
with  the  indexing,  and  the  adjustments,  the  object 
of  which  is  to  prevent  risk  of  error  and  of  injury  to 
the  mechanism,  but  which  could  only  be  properly 
explained  by  the  aid  of  diagrams.  The  stops  are  of  a 
.'pecial  design.  They  are  all  carried  in  a  bracket  at 
the  front  of  the  lathe,  and  are  set  one  after  the  other 
by  the  lengths  tooled  on  the  trial  pieces  of  work. 

Perhaps  the  most  striking  feature  of  this  lathe 
consists  in  the  tool  arrangements  for  use  on  the  turret, 
for  they  are  unlike  any  that  have  yet  been  employed. 


slot  hole.  In  a  design  for  finishing  tools,  the  latter  have 
a  direct  radial  adjustment  only,  with  a  screw  behind. 
In  designs  for  multiple  tools,  where  either  one  or  two 
supporting  plates  are  employed  to  carry  the  tool 
holders  and  steady  rests,  each  tool  and  its  rests  are 
separately  adjustable,  so  that  two  or  more  shoulders 
can  be  turned  on  a  single  piece  of  work. 

The  lathe  has  a  double  cross  slide  for  forming  and 
cutting  off  tools,  with  adjustable  stops.  Hither  a 
lever  feed  through  rack  and  pinion,  or  a  screw  feed 
with  hand  wheel  can  be  employed  at  will.  A  novel 
feature  of  the  tool  posts  is  that  the  tools  can  be  placed 
at  any  height  or  angle  relatively  to  the  work,  and  there 
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rapidly  secured.  This  is  accomplislied  by  substituting 
two  steps  (A,  lig.  3). one  behind  the  other,  for  the  usual 
solid  support.  These  can  be  raised  or  lowered  by 
their  screws  B  to  suit  the  height  and  angle  of  the  tool, 
and  the  latter  clamped  by  the  pinching  screws  C 
above. 

The  Pratt  and  Whitney  Company  informs  us  that 
they  are  about  to  place  on  the  market  another  large 
turret  lathe  of  3J  in.  by  36  in.  capacity,  the  general 
construction  of  which  will  be  practically  identical  with 
that  of  the  2-in.  by  26-in.  machine. 

A     HEAVV     TURRET     LATHE. 

Another  massive  lathe  has  been  introduced  bv  an 
American  linn,  the  Milwaukee  Machine  Tool  Companv. 
It  has  a  -il  in.  hole  through  its  spindle,  and  weighs  nearly 
five  tons.  The  turret,  though  of  hexagonal  form,  has 
three  of  its  faces  twice  as  long  as  the  other  three,  the 
large  and  small  faces  alternating.  The  large  faces  are 
used  specially  for  holding  large  sets  of  tools.  The 
holes  in  its  faces  are  3  in.  in  diameter.  The  turret 
rotates  on  a  raised  circular  vee  of  the  same  section 
as  that  used  on  .American  lathes.  There  is  also  a  cross 
slide  carrying  a  square  turret  for  four  tools.  This 
slide  can  be  run  along  underneath  the  face  plate  so 
permitting  the  main  turret  to  be  brought  up  close  to 
face  work.  The  main  turret  and  the  cross  slide  are 
operated  each  by  its  own  separate  feed  screw,  and  each 
is  driven  through  its  n;st  of  si.x  gears  underneath  the 
head,  so  that  operations  can  be  carried  on  simulta- 
neously with  each'.  The  gears  are  controlled  by  crank 
handles  moving  over  quadrant  plates,  having  holes 
for  locking  the  various  feeds.  As  there  are  six  gear.';, 
six  changes  are  obtained  by  a  crank  handle  without 
touching  the  change  wheels.  By  altering  these  latter 
a  range  of  from  „V  in.  to  {  in.  per  revolution  of 
spindle  is  obtainable,  either  for  screw  cutting,  or  for 


turning.     Separate    stops    with    automatic    trips    are 
fitted. 

The  lathe  is  built  either  for  a  motor  drive  or  for 
belting  from  a  countershaft.  In  the  first  design  the 
motor  is  over  the  head,  and  is  connected  to  the  spindle 
by  spur  gears.  The  turret  can  travel  to  a  length  o( 
5  ft.,  the  cross  slide  carriage  5  ft.  A  diameter  of  ;8  in. 
can  be  carried  over  the  bed. 
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A     NEW     LATHE    COPY     SCREW     DEVICE. 

Applications  of  the  tiiuosaving  turret  continue  to 
multiply.  In  addition  to  its  use  with  the  lathe  it  is 
fitted  to  vertical  boring  mills,  drilling  machines,  milling 
machines,  and  moulding  machines.  In  some  instances 
again  a  supplementary  turret  is  fitted  on  a  main  one. 
One  of  the  latest  adaptations  of  the  turret  is  to  the 
cutting  of  repetitive  screws  and  studs,  a  familiar 
example  being  the  screwed  stays  of  locomotive  fire 
boxes.-  These,  when  cut  on  brass  finishers'  lathes  of 
the  chasing  type  are  done  by  the  aid  of  a  form  screw- 
rigged  up  at  the  rear  of  th";  headstock.  A  die  nut,  or 
comb  piece  engages  with  this,  and  being  connected 
by  a  swinging  rod  to  the  chasing  slide  ensures  the 
cutting  of  any  number  of  screws  exactly  like  the  former 
without  change  wheels. 

In  the  standard  tvpcs  of  these  lathes  both  copy 
screw  and  die,  being  single,  have  to  be  changed  as  often 
as  screws  of  difTerenl  pitches  require  to  be  cut,  an 
operation  which  takes  time.  Messrs.  Selig  Son- 
nenthal  and  Co.,  of  Queen  Victoria  Street,  London, 
E.C.,  have  introduced  a  device  by  which  four 
copy  screws  of  different  pitches  are  carried  on  a  single 
circular  turret  plate,  which  can  be  rotated  into  four 
different  positions,  corresponding  with  each  screw.- 
Another  small  turret  on  the  swinging  back  shaft 
carries  four  die  nuts,  having  pitches  corresponding 
with  the  form  screws,  each  of  which  can  be  brought 
round  into  contact  with  its  screw.  Only  the  copy 
screw  which  is  in  actual  use  is  running. 

The  chasing  slide  is  also  fitted  with  a  turret  to  carry 
four  chasing  tools,  so  that  these  have  simply  to  be 
rotated — not  changed.  The  lathe  to  which  these  are 
titted  is  made  in  7  in.  and  8J  in.  centres.  The  four 
pitches  usually  supplied  are  ti,  14,  19,  and  28  threads 
per  inch,  but  others  may  be  substituted  if  desired. 
An  ordinarj-  turret  is  fitted,  the  headstock  has  a  hollow 
spindle,  the  tailstock  has  its  front  ribs  cut  away,  the 
bed  is  mounted  on  cabinet  legs,  and  a  tray  is  fitted 
between  them  underneath  the  bed. 

THE     PRACTICE     OF     CRANE     MAKING. 

In  the  practice  of  crane  making,  quiet  and  almost 
unobserved  changes  are  going  on  which  will  become 
more  evident  a  few  years  hence.  Many  new  firms  have 
been  coming  into  the  business,  bringing  new  designs, 
and  severe  competition.  Firms  who  introduce  new 
designs  can  generally  get  high  prices  for  their  speciali- 
ties, whether  they  are  fully  protected  by  patents 
or  not.  Those  who  offer  old  designs  find  everything 
so  cut  and  dried  that  they  often  have  to  reduce  their 
estimates  to  the  vanishing  point  of  profit. 

Crane  making,  like  machine  tool  manufacture,  is 
passing  through  a  period  of  transition,  <iue  to  many 
causes.  One  is  the  introduction  of  electricity,  which 
has  modified  many  designs,  and  developed  others  that 
are  practically  new  ones.  Another  is  the  greater  value 
now  set  upon  the  economies  obtainable  by  good 
methods  of  hoisting.     Another  is   that   specilications 
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are  frcciuently  much  more  stringent  than  formerly 
with  regard  to  the  character  of  the  workmanship, 
material,  and  tests  of  cranes.  We  recently  heard  of  a 
specification  in  w-hich  the  girders  of  an  electric  traveller 
of  about  70-foot  span  were  required  not  to  deflect 
more  than  -,''11  i".  under  the  maximum  load.  In  this 
case  the  firm  who  received  the  order  took  it  for  less 
than  half  the  estimate  of  another  competing  firm, 
perhaps  not  fully  realising  the  stringency  of  the  speci- 
fication, in  which  this  was  only  one  item. 

It  is  rather  surprising  in  face  of  the  many  adaptations 
of  electricity  to  crane  work  that  the  hand  traveller 
appears  to  be  made  in  larger  numbers  than  e\er.  We 
know  a  firm  that  has  on  hand  an  order  for  twenty  of 
these  at  the  present  time.  And  travellers  of  this  kind 
are,  after  all,  the  cheapest  for  intermittent  service — 
cheap  in  first  cost,  as  well  as  in  operation.  An  electric 
crane  is  costly,  and  requires  to  be  in  fairly  constant 
service  to  be  remunerative.  The  growth  of  power- 
houses and  electric  generating  stations  is  one  reason 
for  the  extended  use  of  such  travellers.  They  are 
required  for  the  erection  of  the  machinery  before  any 
current  is  available,  and  afterwards  for  intermittent 
service  on  repairs,  etc.,  and  they  cost  nothing  beyond 
the  interest  on  the  capital  expended.  Here,  as  in 
other  departments  of  practice,  the  due  correlation  of 
means  to  ends  must  be  borne  in  mind  as  an  economical 
principle. 

MUSCLE     versus     MACHINERY, 

The  foundryman  of  middle  age  who  reads  the  articles 
on  the  laying  out  of  Engineers'  Workshops  will  be 
reminded  how  "  the  old  order  changeth,  giving  place 
to  the  new."  How  much  machinerj-  has  done,  and  is 
doing,  to  lighten  the  burden  of  labour  in  the  foundry 
cannot  be  truly  realised  by  the  youth  who  is  being 
brought  up  in  a  modern  shop,  amply  equipped  with 
tracks  and  tackle,  conveniently  arranged  storage, 
moulding  machines,  good  boxes,  and  the  rest. 

We  question  if  there  is  any  department  where 
labour  leakages  are  so  serious  an  item  as  in  the  foundry. 
The  money  just  runs  away  if  muscle  takes  precedence 
of  machinery.  In  this  we  are  not  thinking  so  much 
of  the  machines  used  in  actual  moulding,  as  of  those 
unconsidered  trifles  that  have  to  do  with  the  handling 
of  material  and  of  work — tasks  that  are  mostly  per- 
formed by  unskilled  labourers.  This  includes  carrying 
moulding  boxes,  or  in  the  case  of  those  of  large  dimen- 
sions drawing  them  along  on  trolleys,  or  even  turning 
them  over  and  over  on  their  edges,  tasks  for  which 
from  two  to  six  or  eight  labourers  will  be  required  ; 
running  in  sand  in  barrows,  and  running  castings  out 
in  the  same  manner.  Tracks  would  avoid  all  this 
waste  of  muscle  and  time.  In  some  archaic  shops 
there  are  no  means  of  loading  up  the  cupola  platform 
excepting  by  carrying  bushels  of  coke  up  steps  in 
baskets,  and  pig  and  scrap  by  hand. 

Muscle  has  its  legitimate  place  in  foundries,  but  it  is 
just  doubtful  whether  that  will  not  in  time  be  reduced 
to    a    very    small    minimum. 
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LORD  SELBORNE'S  speech  at  the  annual 
banquet     of     the     Institute    of     Naval 
Architects     has     attracted    naturally    a    fjood 
deal   of    attention.      Recently  the   First    I.ord 
of    the    Admiralty  has  had    a    great  deal    to 
say     about     the     personnel     of     the     |Navy, 
but  on  this  occasion  he  turned  to  that  other 
great    divis  on    of    naval    force,    the    malcriel. 
Particularly  his  lordship  referred  to  the  gigantic 
character   of   the   revolution   which   has   taken 
place  in  the  modern   man-of-war,  and  which  is 
now   to   have   its   corollary   in    the   revolution 
which  will  convert  every  seaman  into  a  mechanic. 
It  is  a  remarkable  thing  that  although  everyone 
acknowledges    that    a    battlesliip    must     be    a 
compromise,  yet  both  in  comparing  one  battle- 
ship with  another,  or  in  criticising  any  particular 
type,  this  fact  is  too  often  left  out  of  considera- 
tion.    Perhaps    an    equally    remarkable     fact 
is  to  be  found  in  the  practical  unanimity  with 
which  all  our  foreign  friends  have  followed  the 
lead  of  Sir  William  White  in  regard  to  design. 
It   is   true   that    there   is   no   finalitv   in   naval 
architecture,  and  it  is  quite  certain  that  as  Lord 
Selborne  said,  the  future  of  the  naval  architect 
is  at  least  as    great    as    the  past    has    been. 
We  are  only  at  the  beginning  of  the  solution  of 
the  problem  which  this  science  presents.     The 
line  which   the   First   Lord   of   the   Admiralty 
suggests  to  the  naval  architect  of  the  future  is 
one   of   achieving   results  equal   to   those   now 
being  achieved,   but  with  greater  economy  of 
weight.     Certainly  there  is  much  of  jiromise  in 
this  direction.     A  great  gain  has  already  been 
made  in   regard   to  armament,   something  has 
been  arrived  at  in  regard  to  boilers  and  machinery, 
and  it  is  I'kely  that  with  a  lighter  gun  we  may 
get  as  good  or  better  results  than  those  now 
obtained  with  e.xisting  ordnance.     The  recent 
decision  to  standardise  manufacture  should  also 
have  its  effect   by  reducing   the   articles  now 
carried    in    duplicate    and    triplicate    in    every 
ship.     Something  may  be  hoped  also  from  the 


turbine  and  something  from  liquid  fuel.  At  all 
events,  the  naval  architect  who  works  in  the 
held  referred  to  by  Lord  Selborne  should  find 
at  least  something  in  his  favour. 

There  is  another  direction  though  in  which  liie 
naval  architect  can  show  his  ingenuity  with 
advantage  to  himself  and  to  the  State.  In  the 
old  days  of  wooden  shijis  their  crews  knew 
that  though  they  might  be  beaten  it  was  many 
chances  against  the  vessel's  foundering  under 
them.  To-day  this  is  not  the  case,  and  thus  has 
been  removed  one  of  the  factors  of  confidence 
which  must  have  had  great  effect.  The  naval 
architect,  said  Lord  Selborne,  who  could  find  out 
how  to  build  a  ship  so  as  to  make  her  less 
vulnerable  to  the  most  mortal  shot  that  she 
might  encounter  in  war,  so  as  to  make  her 
chances  of  flotation  in  action  greater  and  her 
chances  of  sinking  less,  was  the  man  to  whom 
the  future  offered  boundless  opportunities. 

Another  subject  to  which  the  First  Lord  in  his 
ol)servations  drew  attention,  was  that  of 
inventors  and  the  aspect  in  which  they  were 
regarded  by  the  Admiralty,  and  that  in  which 
they  regarded  that  institution.  Inventors.  Lord 
Selborne  tells  us  positively,  pour  their  ideas 
upon  the  Admiralty,  but  out  of  every  hundred 
suggestions  thus  made  not  more  than  one  is  new. 
As  a  rule  the  ideas  are  those  which  have  already 
been  examined  and  adopted,  or  more  frequently 
discarded  because  demonstrated  by  e.xjierience 
and  in\estigation  to  be  unsound.  Moreover, 
everv  inventor  ajipears  to  think  that  it  is  the 
duty  of  the  Admiralty  to  use  the  money  (jf  the 
nation  in  testing  his  ideas,  and  j)roving  whether 
they  are  sound  or  not.  The  ])rinciple  which 
guides  them  at  the  Admiralty,  the  First  Lord 
asserted,  was  that  it  was  far  better  to  take 
uj)  an  idea  for  which  there  seemed  to  tie 
good  foundation,  and  to  carry  it  forward 
even  to  eventual  failure,  than  to  run  the  risk 
of  such  a  stujH-ndous  error  as  was  once  made  in 
rejecting    the    idea    of    a    breechloading    gun, 
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because  of  the  difficulties  that  manifested 
themselves  on  the  first  presentment  of  the 
invention.  "  Let  them  remember."  said  Lord 
Selborne.  "  when  they  criticised  the  Admiralty 
for  waste  of  money  in  connection  with  water- 
tube  boilers  ;  when  they  s])oke  as  if  the  naval 
problem  was  the  same  as  the  mercantile  problem, 
although  it  was  perfectly  different,  and  per- 
fectly distinct ;  when  the\'  pointed  to  returns 
jiresented  to  Parliament  to  show  how  much 
money  had  been  spent  on  repairing  the  water- 
tube  boilers  of  the  earliest  ships  of  the  type  that 
were  made  in  this  country;  that  a  far  greater 
service  had  been  done  to  the  nation  in  experi- 
menting, even  at  great  cost  to  the  taxpayer, 
with  water-tube  boilers,  than  would  have  been 
done  had  the  invention  been  ignored  and  stifled. 
as  was  the  case  with  the  breechloading  gun." 

Turning  to  another  matter  of  importance.  I 
must  mention  the  circular  letter  which  has  been 
issued  on  the  subject  of  the  new  Admiralty 
scheme  of  naval  training.  The  result,  the  first 
and  great  result,  of  the  reorganisation  of  the 
training  set  forth  in  this  circular  will  be  to  make 
every  seaman  a  mechanic,  just  as  the  scheme  in 
its  working  will  make  every  officer  an  engineer. 
In  other  words,  the  crew  of  the  ship  must 
accommodate  itself  to  its  environment — the 
box  of  machinery.  After  October  next  every 
ordinary  seaman,  before  he  can  qualify  for  the 
rating  of  A.B..  will  have  to  pass  an  examination 
showing  that  he  has  a  knowledge  of  the  use  of 
simple  tools,  of  the  working  of  M-ater-tight 
doors,  sluices,  fire  mains,  etc.,  and  that  he  is 
generally  proficient  in  the  ordinary  duties  of 
the  stokehold.  Similarly  and  concurrently  in 
the  boys'  training  ships  a  new  curriculum  of 
study  will  be  inaugurated,  by  which  physical 
and  mechanical  training  will  be  substituted 
for  mast  and  sail  drill,  and  such  other  drills 
as  are  not  suited  to  the  training  of  a  seaman  in  a 
modern  man-of-war.  Right  through  this 
circular  also  runs  plainly  an  indication  of  the 
intention  of  the  Admiralty  to  counteract  that 
inclination  to  the  shore,  which  is  such  a  feature 
of  the  new  Navy.  Secondly,  there  is  an  indica- 
tion of  an  intention  to  widen  the  area  of 
specialisation.  \\'hile  the  lower  ratings  will 
spend  more  of  their  time  at  sea,  those  men 
who  have  attained  to  the  higher  and  more 
specialised  grades  will  have  a  larger  attention 
paid  them  in  the  schools.  Speaking  widely, 
that  system  with  which  Mr.  Yarrow's  name  is 
mentioned  in  connection  with  the  training  of 
engineers  seems  to  be  the  one  adopted  by  the 
Admiralty.  A  forenoon  spent  in  the  study. 
an  afternoon  spent  in  practical  exemplification 
of    the    morning's    teaching,    is    the    principle 


adopted  wherever  it  is  jiossible.  The  keynote 
of  the  change  is  thoroughness  in  every  detail. 

In  the  same  circular  there  is  a  significant 
notice  in  regard  to  the  engineers  as  they  exist 
at  present.  It  is  evidently  intended  that  as 
soon  as  the  lieutenants  E.  of  the  new  scheme 
enter  the  Navy  fusion  will  take  place,  and  the 
titles  now  given  with  all  other  differences  will 
disappear. 

The  selection  of  Professor  James  Alfred 
Ewing  as  the  new  Director  of  Naval  Education 
is  of  excellent  augury.  Professor  Ewing  is 
well  known  to  all  engineers,  and  his  qualifications 
for  the  post  he  is  now  to  occupy  are  unquestion- 
able. In  addition  to  other  special  qualifications, 
he  brings  to  his  new  position  a  knowledge  of 
foreign  countries  and  of  foreign  fleets.  He  is 
noted  for  his  tact  and  courtesy  and  common 
sense,  and  while  Cambridge  will  be  reluctant 
to  lose  his  services  he  will  be  welcomed  by 
the  Navy,  and  have  the  full  confidence  of  the 
country  generally. 

GREAT     BRITAIN. 

The  battleships  of  the  Duncan  class  have  now- 
made  their  trials,  although  they  have  not  in 
every  case  been  entirely  successful.  The  Russell, 
which  has  been  commissioned,  made  on  her  full 
power  run  ig'3  knots,  with  18,229  i-li-P->  the 
Exmoulh  which  followed  her  made  on  her  full 
power  run  i9"05  knots,  with  18,346  h.p.  ; 
the  Montagu  underwent  a  special  series  of 
trials,  and  in  a  four-fifths  power  attained  a 
speed  of  lyS  knots  as  a  mean  of  four  hours,  with 
a  coal  consumjition  of  178  lb.  per  i.h.p.  per 
hour.  On  her  full  power  trial  she  made  i8'S 
knots,  with  a  collective  i.h.p.  of  18,285.  Her 
experimental  gun  trials  were  also  carried  out 
with  success,  the  whole  of  the  armament  being 
satisfactorily  tested.  The  Duncan,  on  her  full 
power  trial,  made  a  speed  of  iS'g  knots,  with 
18,232  i.h.p.  The  Cornwallis  completed  her 
trials  in  March,  and  in  every  way  passed  through 
them  expeditiously  and  satisfactorilj-.  She 
made  a  speed  of  i8'9  knots  with  a  horse-power 
of  18,238.  Comparing  her  with  the  Montagu 
as  regards  coal  consumption  in  her  four-fifths 
power  trial,  she  attained  a  speed  of  17'94  knots, 
as  the  mean  of  four  hours  with  a  coal  consump- 
tion of  2*09  lb.  per  i.h.p.  per  hour.  The 
Albemarle,  on  her  full  power  trials,  attained  a 
speed  of   i8'6  knots,   with   18,296   i.h.p. 

Of  the  battleships  of  the  King  Edward  VII. 
class,  the  Commonicealth  may  be  ready  to  take 
the  water,  or  even  will  have  been  launched,  before 
these  notes  are  in  the  hands  of  the  readers. 
The  King  Edward  VII.  is  to  be  launched  on 
July  23rd. 
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Turning  to  armoured  cruisers,  the  King 
Alfred,  the  last  of  the  Drake  class,  has  been 
reported  ready  for  commission,  and  the  Good 
Hope  having  returned  from  South  Africa  has 
been  taken  in  hand  with  a  view  to  imjiroving  her 
propellers. 

The  Spartiatc,  the  last  of  the  protected 
cruisers  of  large  displacement,  was  commissioned 
for  service  on  March  17th. 

A  number  of  small  vessels  have  been  put  into 
the  water.  The  Clio,  sloop,  was  floated  out  of 
dock  at  Sheerness  on  March  14th.  her  keel  plate 
having  been  laid  on  March  nth.  1902.  The 
machinerv  of  the  Clio  is  to  indicate  14.000  h.p., 
steam  being  supplied  by  boilers  of  the  Xidausse 
type,  and  her  anticipated  speed  is  13J  knots. 

Three  destroyers  have  been  launched — the 
Ettrick  from  the  Palmer  yard  on  February  28th. 
the  Eden  from  the  yard  of  Hawthorn,  Leslie 
and  Co.,  on  March  14th  (this  vessel  is  to  be  fitted 
with  turbines  and  boilers  of  the  modified 
Yarrow  type),  and  the  Itchin.  launched  from  the 
yard  of  Messrs.  Laird  on  March  17th.  The 
Velox  destroyer,  fitted  with  turbines,  did  not. 
on  her  full  power  trials  in  March,  give  the 
most  satisfactory  results.  The  speed  realised 
was  27^07  knots — steam  being  supplied  by 
modified  Yarrow  boilers.  Tlie  reciprocating 
engines  supplied  to  the  ship  for  cruising  pur- 
poses gave  a  speed  on  trial  of  twelve  hours  of 
ii'26  knots,  with  a  coal  consumjition  of  8'68 
cwt.  per  hour. 

Torpedo-boat  No.  in,  which  was  launched  by 
Messrs.  Thornycroft  in  November  last,  has 
made  her  trials  at  Sheerness  with  2,922  i.h.p.  ; 
she  realised  a  speed  of  2843  knots,  the  contract 
requiring  only  25  knots. 

Submarine  A2  has  also  been  launched  by 
Messrs.  Vickers.  She  is  rather  larger  than  Ai, 
and  differs  from  that  vessel  in  many  minor 
details. 

FRANCE. 

The  armoured  cruiser  Jeanne  d'Arc.  which 
has  been  used  forthe  conveyance  of  the  President 
to  Algeria,  made  on  her  trials  a  speed  for  some 
hours  of  I9"4  knots.  The  Admiral  Gityden,  on  a 
full  power  run,  made  188  knots  with  11,000 
i.h.p.  The  trials  at  Brest  of  the  first-clas; 
cruiser  Giiichen,  which  were  interrupted  by 
hot  bearings,  have  now  been  completed,  when 
on  a  run  of  two  hours  at  full  speed  she  attained 
a  speed  of  23  knots.  The  Marseillaise,  which 
broke  a  propeller  blade  and  sustained  other 
damage  while  being  towed  to  the  dock,  will 
be  under  repair  for  several  months.  The 
Kleber  has  commenced  her  preliminary  trials  and 
maintained  a  speed  of  18  knots  for  five  hours. 
The  second-class  cruiser  Jurien  de  la  Graviere 


has  not  yet  attained  the  contract  sixied  ;  with 
17,461  i.h.p.  she  made  22*9  knots,  the  stipulated 
speed  being  2^  knots.  The  Sully  in  her  pre- 
liminary trials  made  a  speed  of  204  knots.  The 
Destiix  has  also  been  under  trial. 

The  destroyer  Sagaie  has  attained  a  speed  on 
trial  of  30'6  knots,  and  the  Sarabande  was 
launched  at  Rochefort  on  March  12th.  The 
Catapulte.  another  destroyer,  was  launched  on 
April  1st  at  Marseilles.  This  vessel  is  to  have 
an  estimated  speed  of  2^  knots. 

UNITED    STATES. 

All  the  ships  of  the  latest  programme  are  to  be 
built  by  jirivate  contract.  Of  the  two  armoured 
cruisers  of  the  previous  programme  the  Cramps 
are  to  build  the  Tennessee,  and  the  Washing/on 
will  be  built  by  the  New  York  Shijjbuilding  Com- 
pany. Two  of  the  battleships  now  in  hand  should 
be  completed  shortly.  These  are  the  Missouri, 
building  at  Newport  News,  and  the  Ohio  at  the 
I'nion  Ironworks,  while  the  other  vessels  of 
this  class,  which  are  little  more  than  a  quarter 
ad\-anced.  are  the  I'irginia  at  the  Newport  News 
Works,  the  Nebraska  at  the  yard  of  Morand 
Brothers,  the  Georgia  at  the  Bath  Ironworks,  and 
the  AVtt'  Jersey  and  Rhode  Island  at  the  yard 
of  the  Fore  River  Ship  and  Engine  Company. 
The  two  last-mentioned  are  the  most  advanced 
of  the  five  vessels.  Work  has  already  com- 
menced on  the  Connecticut  at  the  New  York 
Navy  Yard,  and  the  Louisiana  was  laid  down 
on  February  ist  at  the  yard  of  the  Newport 
News  Company. 

Of  the  eight  armoured  cruisers  in  hand,  the 
West  Virginia,  building  by  the  Newport  News 
Company,  and  the  Colorado,  building  by 
Cramp  and  Sons,  are  the .  most  forward. 
The  two  vessels  next  advanced  are  the 
Maryland,  building  by  the  Newport  News 
Company,  and  the  Pennsylvania,  building  by 
Cramp  and  Sons.  Following  these  come  the 
South  Dakota  and  Carifornia.  both  building  by 
the  Union  Ironworks. 

The  protected  cruisers  in  hand  stand  in  order 
of  progress  towards  coinjiletion  as  follows  : — 
the  Cleveland,  building  by  the  Bath  Ironworks, 
the  Denver  bv  Messrs.  Neife  and  Levi,  the  Des 
Moines  by  the  Fore  River  Ship  and  Engine 
Company,  the  Chattanooga,  which  was  launched 
on  March  14th  at  the  Louis  Ni.xon  Yard,  the 
Galveston  b\-  the  W.  R.  Trigg  Co.,  the  Tacoma 
at  the  Union  Ironworks,  the  Charleston,  building 
by  the  Newport  XewsComjiany,  the  57.  Louis  by 
Messrs.  Neife  and  Levi,  and"  the  Milwaukee, 
which  is  being  built  at  the  Union  Ironworks. 
All  the  other  vessels  in  hand  are  in  a  very 
forward  state. 
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LONDON,  April  20tb,  1903. 
Shipbuilding  Costs  and  Wages. 

I     The  shipbuilding  industry  is  being  kept  back  by  the 
rise  in  the  price  of  shipbuilding  material,  which  occurred , 
unfortunately,  just  after  labour  cost  had  been  broiiglU 
down  by  a  general  lowering  of  wages  in  the  shipyards 
and    engine    shops.     This    reduction    in    wages    was 
effected    after   prolonged    negotiations,    during   which 
the  men  were  brought  to  see  with  the  employers  that 
unless   the   costs   of   production   could    be   materially 
lowered,  there  was  no  hope  of  sufficient  renewal  in  the 
demand  for  new  ships  to  keep  the  yards  even  moderately 
employed   after     existing   contracts   were   worked  ofi, 
and    labour  is  the  chief  item  in  the  cost  of  production 
of  ships.     The  reduction  in  wages  is  practically  five  per 
cent.,  whether  one  counts  it  on  piece-work  or  time  rates, 
.\nd  the  only  real  difficulty  in  arranging  it  occurred  on 
the  North-east  coast  of  England,  where  the  shipyard 
joiners  and  plumbers  resisted,  and  the  former  went  out 
on  strike  for  five  months  rather  than  submit.     They 
came  to  terms,  however,  last  month.     In  the  case  of 
the  engineers  and  machine  workers,   the  matter  was 
referred    to   a   conference   of   the   Executive   Councils 
of  the   Emplovers'   Federation  and   the  Allied  Trade 
T'nions,    who    recommended    acceptance    of    the    re- 
ductions, but  got  the  men  a  httle  longer  time  at  the 
old  rate.     Unfortunately   the  effect  of  the  reduction 
in  costs  thus  effected  has  been  neutralised  by  advances 
in  ship  plates  and  other  material,  resulting  from  the 
large  advance  in  pig  iron.     Thus,  the  second  quarter 
of  the  shipbuilding  year  does  not  begin  under  very  happy 
auspices,   or  with   brilliant   prospects.     And   as   there 
is  not  usually  much  contracting  done  during  the  summer 
months,  we  must  now  look  forward  to  a  quiet  ship- 
building   year.      According  to    Lloyd's    returns    the 
vessels    under]  construction    at   the   beginning  of  the 
second  quarter    are   425  in  number,  and   974,686    in 
tonnage,  comparing  with  431  vessels  and  1,^40,344  tons 
at  same  time  last  year.     These  figures  do  not  include 
warships. 

Admiralty  Contracts. 

I  The  Admiralty,  however,  are  going  to  give  out  as 
much  repair  work  as  possible  to  the  private  yards. 
The  work  to  be  immediately  given  out  to  contract 
includes  the  repair  of  two  battleships,  a  lirst-class 
cruiser,  a  second-class  cruiser,  and  a  gunboat ;  but 
as  thirteen  vessels  are  already  on  the  list  of  the 
dockyards  this  contract  list  will  have  to  be  augmented- 
The  battleships  are  the  Canopus  and  the  Goliath, 
both  dockyard-built  vessels,  the  former  constructed 
at  Portsmouth  and    the  latter    at    Chatham,      Much 
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of  the  work  of  repair  is  associated  with  machinery. 
The  Canopw:  was  engiucd  bv  Messrs.  Scott  ami  Co.,  of 
Greenock,  ami  the  Goliath  bvAfcssrs.  Penii  and  Co., whose 
works  are  now  owned  by  the  Thames  Iron  Works  Com- 
pany .London.  Tlie  twocruiserswereliuilt  bv  the  Fairfield 
Company.  They  are  the  Argonaut  and  the  Hiqhfycr, 
and  the  gnnboat  is  the  Magpie,  which  was  built  several 
years  ago  at  Pembroke.  Then  later  on  in  the  year  the 
contracts  for  new  vessels  under  the  new  Xaval  pro- 
gramme will  be  given  out.  Of  course,  these  are  matters 
that  will  affect  only  a  few  yards,  but  they  will  proviile 
a  large  amount  of  employment. 

The  New  Naval  Base. 

.\n  iniijortant  movement,  both  industrially  and 
strategically,  is  that  for  the  establishment  of  the  new 
Naval  base  at  St.  Margaret's  Hope,  Scotland.  Little 
time  is  to  be  lost  on  the  work  of  preliminaries.  Tem- 
porary arrangements  for  anchorages,  repairing  ships, 
coaling  ships  with  Temperlcy  transporters  or  other 
systems,  etc.,  will  be  made  ;  and  work  will  be  com- 
menced within  a  year  on  the  permanent  docks  for 
repairing  operations  on  an  extensive  scale.  The 
constructive  work  will  e.xtend  over  some  years,  em- 
bracing a  large  ship- repairing  and  store  department, 
with  extensive  berthage  or  anchorage  for  ships  in  the 
reserxe.  It  is  not  probable  that  new  ships  will  be 
built  at  the  Scotch  Naval  base.  The  argument  used 
to  be  that  it  was  necessary  to  order  new  ships  from 
the  dockyards  to  keep  in  constant  employment  a 
complete  staff  of  officials  and  workers,  thoroughly 
conversant  with  modern  ideas.  The  facts  that  only- 
two  ships  have  this  year  been  ordered  from  the  Govern- 
ment Dockyards,  and  that  only  one  large  ship  is  to  be 
laid  down  under  the  new  programme  during  the  ne.xt 
twelve  months,  are  signs  of  the  times.  A  battleship 
or  a  cruiser  might  be  built  in  as  short  a  time  in  the 
dockyards  as  in  private  works,  but  when  vessels  to  refit 
or  re]iair  are  urgent,  men  have  to  be  withdrawn  from  new- 
work  to  deal  with  them.  Therefore,  the  new  dockyard 
ship  costs  more,  and  is  so  delayed  as  to  be  ofttn  nearly 
obsolete  before  completion.  It  is  not  desirable  to 
increase  the  employees  of  the  dockyards,  where  men 
cannot  readily  be  got,  and  where,  when  discharged, 
they  cannot  easily  find  other  employment. 

A  Scotch  Ship  Canal. 

One  of  the  Scotch  Members  of  Parliament,  Mr.  James 
Caldwell,  has  been  pressing  on  the  House  of  Commons 
the  advantages  of  Scotland  from  a  Xaval  point  of  view, 
and  the  desirability  of  a  ship  canal  between  the  Clyde 
and  the  Forth.  Scotland  has  excellent  harbour 
accommodation  both  on  the  Fast  and  on  the  West 
coasts,  and  the  Clyde,  with  its  shipbuilding,  its  supply 
of  workmen,  and  its  jiroximity  to  the  coal  and  iron 
fields,  is  pre-eminently  suitable  for  a  Government 
Dockyard.  It  was  true,  he  admitted,  that  the  new 
Naval  base  at  St.  Margaret's  Hope  on  the  Forth  would 
to  a  large  extent,  if  not  entirely,  mitigate  the  grievance 
so  far  as  the  East  coast  of  Scotland  was  concerned.  It 
would  provide  a  Government  Dockyard  in  proximity 


to  the  eastern  coal  and  iron  industries,  and  an  excellent 
harbour  for  a  fleet  of  any  size  watching  and  protecting 
the  harbours  and  ports  and  shipping  on  the  East  coast, 
but  under  existing  circumstances  it  would  not  help 
the  harbour  and  shij^ping  interest^  on  the  West  of 
Scotlard  in  the  event  of  war.  'fhe  whole  complexion 
of  th^  matter  would  be  changed  by  the  formation  of  a 
canal  between  the  Forth  and  the  Clyde,  which  would 
enable  ships  of  war  to  pass  freely  from  one  coast  to 
the  other.  Such  a  canal^would  he  only  thirty  miles 
in  length,  and  would  be  capable  of  being  traversed  in 
from  five  to  six  hours.  By  its  means  theNavalbase  at  St< 
Margaret's  Hope  on  the  Fast  coast  would  be  in  direct 
water  communication  with  a  fleet  operating  on  the 
West  coast,  and  also  in  direct  communication  with  the 
shipbuilding  yards  on  the  Clyde  and  in  the  North  of 
Ireland.  There  would  also  be  no  chance  of  a  fleet 
being  hopelessly  blockaded  at  St.  Margaret's  Hope — 
in  fact,  the  importance  of  such  a  canal  from  a  national 
defence  point  of  view  is  obvious.  The  existing  barge 
canal  would  be  useless  for  the  purposes  of  a  ship  canal, 
but  it  demonstrates  the  practicaliility  of  making  a  canal 
suitable  for  the  Admiralty  on  similar  lines  to  the  present 
one, 

Canada  and  Shipping. 

The  acquisition  of  the  Beaver  Line  of  steamers  by 
the  Canadian  Pacific  Railway  Company  is  now  com- 
plete. The  company  announces  that  the  growing 
requirements  of  Canadian  railway  developments 
have  rendered  it  necessary  to  provide  a  Transatlantic 
steamship  service,  and  in  giving  effect  to  this  policy 
the  company  has  acquired  a  fleet  of  fourteen  steamers, 
which  have  hitherto  been  runnincr  under  the  auspices 
of  Messrs.  Elder,  Dempster  and  Co.  These  vessels 
are  well  known,  and  are  admirably  adaj'ted  for 
the  Canadian  trade,  for  which  the  majority  of 
them  have  been  specially  built.  With  the  opening 
of  the  St.  Lawrence  regular  services  between  Liver- 
pool, London,  Bristol,  and  Canadian  ports  will  be 
established.  These  steamers  will  be  run  in  conjunction 
with  the  railway  system,  which  includes  a  Ileet  of 
passenger  and  freight  boats  on  the  t;reat  inland 
lakes  and  rivers  of  North  America,  on  the  coast  of 
British  Columbia  and  .\laska,  and  the  well-known 
Transpacific  Empress  Line,  which  provides  communica- 
tion between  Vancouver,  Japan  and  China.  Bv 
extending  their  operations  to  the  North  .\tlantic  trade 
the  Canadian  Pacific  Railway  will  be  able  to  undertake 
the  control  and  handling  of  goods  bound  to  or  from 
Europe  vi<i  the  Canadian  Pacific  Railway  or  steamship 
services.  Following  are  the  names  and  sizes  of  the 
stcan-sbips  : — 

Canadian  PachicKaii-u  ay  Atlantic  Steamer  Service. 

Gros%  tons. 

Lake  Manitoba 8,852 

LakeChamplain  ..  7.550 

Lake  Erie  .  .  .  .  "•750 

Lake  Michigan     ..  7,000 

Mount  Temple     .  .  .  .  7.656 

Milwaukee  7.3'9 
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Cross  toil.'. 

Mount  Roj-al  . .  . .  . .  7.044 

Montezuma  .  .  .  .  .  .  7.345 

Montreal  . .  .  .  .  .  . .  6.870 

Montfort  . .  .  .  .  .  .  .  5.4S1 

Moxmteagle  .  .  . .  5.467 

Montcalm  .  .  .  .  . ,  >;,466 

Monterey  .  .  .  .  .  .  5.443 

Montrose  . .  . .  .  5.431 

In  this  connection  we  may  note  tliat  henceforth  saloon 
and  second  cabin  return  Cunard  tickets  are  ayailable 
for  return  from  New  york  or  Boston,  or  by  the  Allan 
Line  steamers  from  Montreal  or  Quebec  in  the  summer, 
or  from  Sti  John's,  N.B.,  or  Halifax  during  the  winter. 
This  means  drastic  competition  with  the  Morgan 
Combine.  Messrs.  J.  arid  A.  Allan  are  making  some 
import.Tnt  additions  to  their  well-known  Canadian 
fleet. 

Shamrock  III. 

The  accident  to  Slmmroc/;  111.  may  be  said  to  have 
caused  general  consternation  in  yachting  circles,  which, 
however,  were  soon  dissipated  by  Sir  Thomas  Liptoa's 
emphatic  statement  as  to  his  intentions.  Something 
more  than  a  sporting  interest  attaches  to  the  new  cup 
challenger.  She  was  built  at  the  historic  \'ard  of  Messrs. 
\V.  Denny  and  Brothers,  Dumbarton,  to  the  desis;nsof 
Mr.  Fife,  of  Fairlie,  the  well-known  yacht  builder.  In 
her  construction  the  aim  has  been  to  combine  strength 
with  lightness.  For  the  hull,  nickel  steel  has  been 
used,  with  better  effect  than  in  Shamrock  II.,  with 
manganese  bronze.  The  deck  is  plated  with  aluminium 
and  covered  with  canvas.  The  frames  are  bulbed 
angles  of  nickel  steel,  the  angles  lighter  than  in  Sham- 
rock h,  but  spaced  more  closely  together  to  give  the 
necessary  strength.  The  strapping  and  tying  of  the 
frames  is  very  thorough.  The  whole  strength  of  the 
hull  lies  practically  in  the  framework,  but  the  plating 
of  the  underbody  is  heavy  enough  to  give  additional 
rigidity.  In  the  plating,  where  weight  of  hull  is  not 
against  the  stability  of  the  boat,  the  plates  are  about 
a  quarter  of  an  inch  in  thickness,  but  much  thinner 
on  the  topsides.  In  Shamrock  I.  the  lead  casting  wa.s 
bolted  to  the  bottom  of  the  boat  ;  in  Shamrock  II.  the 
frames  and  plating  of  the  hull  were  carried  down  to  the 
bottom  of  the  draught,  and  had  the  lead  slung  inside  the 
l)Ottom  of  the  fin.  This  latter  plan  has  been  adopted 
in  Shamrock  III.  The  mast,  gaff,  and  boom  were  of 
hollow  steel,  with  strengthening  lattice  work  inside 
the  bowsprit  of  solid  wood,  and  the  lighter  spars  of 
hollow  wood.  The  whole  design  has  been  pieced 
together  without  mark.  In  the  fittings  and  general 
equipment  every  care  was  taken  to  obviate  the 
possibility  of  a  breakdown.  All  the  parts  were 
machined  to  render  them  as  light  and  accurately 
fitting  as  possible,  and  were  also  carefully  scrutinised 
and  tested  for  Haws,  apparent  or  inherent.  The  bob- 
stay  has  been  fixed  and  strengthened  by  a  new  and 
reliable  method.  The  utmost  care  has  been  spent  on 
the  spars,  and  every  precaution  has  been  taken  to 
make  them  rigid  enough  to  withstand  the  tremendous 


strain  of  the  big  expanse  of  canvas  the  yacht  will  have 
to  carry.  The  yacht  is  to  be  steered  by  awheel,  not 
by  the  aid  of  a  tiller. 

Cup  Contests. 

The  coming  contest  will  be  the  thirteenth  attempt 
to  wrest  the  cup  won  by  the  schooner  America  in  1851. 
Mr.  James  L.  Ashbury  was  the  first  challenger  in  1870, 
with  the  200-ton  schooner  Cambria,  built  by  Ratsey, 
of  Cowes.  The  then  defender  of  the  Cup  was 
Mr.  FrankUn  Osgood's  centre-board  schooner  Magic, 
ninety-seven  tons,  and  the  match  was  sailed  over  a 
'course  inside  Sandy  Hook.  Cambria  was  beaten  by 
39  minutes  12-7  seconds.  Mr.  Ashbury  had  the 
schooner  Livonia  built  by  Ratsey  in  the  following 
\ear,  but  Mr.  Frank  Osgood's  Columbia  twice  defeated 
her  by  27  minutes  4  seconds,  and  by  10  minutes 
33J  seconds  respectively.  At  the  third  meeting  Livonia 
won  from  Columbia  by  15  minutes  10  seconds;  but 
Mr.  W.  P.  Douglas's  Sappho  superseded  and  gained 
a  couple  of  races,  by  33  minutes  21  seconds  and  by 
25  minutes  27  seconds  respectively.  In  1876  a  challenge 
came  from  Canada.  Major  C.  Clifford's  Marchioness  oj 
Dufferin  contested  with  Mr.  J.  S.  Dickerson's  Madeline, 
but  without  success.  Five  years  later  the  Canadians 
had  another  trial,  when  Mr.  .Mexander  Cuthbert's 
Atalanta  was  defeated  by  Mr.  J.  R.  Busk's  Mischief. 
first  to  the  extent  of  28  minutes  20J  seconds,  and  after- 
wards by  38  minutes  54  seconds.  In  1885  Sir  Richard 
Sutton  took  out  the  famous  Genesta,  built  by  Messrs. 
D.  and  W.  Henderson,  Glasgow.  In  her  first  meeting 
with  Mr.  J.  Malcolm  Forbes's  Puritan,  Genesta  was 
beaten  by  16  minutes  19  seconds,  but  on  the  succeeding 
daj-  Puritan  won  by  i  minute  38  seconds  only.  Lieu- 
tenant William  Henn  had  the  Galatea  built  by  Messrsi 
John  Reid  and  Co.,  Port  Glasgow,  in  1886,  but  suffered 
two  defeats  from  Mr.  C.  J.  Paine's  Mayflower,  which 
won  by  12  minutes  2  seconds,  and  by  29  minutes 
9  seconds.  This  was  followed  by  the  West  of  Scotland 
Syndicate  boat  Thistle,  designed  by  Mr.  G.  L.  Watson, 
and  built  by  Messrs.  D.  anfl  W.  Henderson.  Thistle  had 
Vohmteer  as  opponent,  and  was  beaten  in  both  matches, 
first  by  19  minutes  27J  seconds,  and  again  by  1 1  minutes 
48J  seconds.  In  1893  Mr.  Watson  designed,  and 
Messrs.  D.  and  V.  Henderson  built,  Valkyrie  II, 
for  Lord  Dunraven,  she  was  pitted  against  Vigilant, 
which  won  three  right  away,  by  gains  of  5  minutes 
48  seconds,  10  minutes  35  seconds,  and  40  seconds. 
Lord  Dunraven  returned  in  1895  with  Valkyrie  II Ii 
from  the  same  designer  and  builders,  the  defending 
yacht  being  Mr.  C.  Oliver  Iselin's  Defender,  At 
the  first  race  Defender  won  by  8  minutes  49  seconds ; 
at  the  second  Valkytie  won  by  48  seconds,  but  was 
disqualified  on  appeal  for  alleged  fouling  at  the 
starting  line  ;  and  at  the  third  meeting  Lord  Dunraven 
sent  his  yacht  over  the  line  and  then  retired,  leaving 
Defender  to  sail  over  and  win  the  Cup.  After  a 
lapse  of  four  years  Sir  Thomas  Lipton  appeared 
with  Shamrock  I.,  designed  by  Mr.  William  Fife,  and 
built  by  Mes.srs.  Thornycroft  and  Co.,  London^ 
Shamrock   I.   met   Mr.    Iselin's   Columbia   eleven   times 
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hciore  the  issue  was  settleii.  At  their  eighth  meeting 
Cvltiinbia  won  by  lo  minutes  ii  seconds;  at  the 
ninth  Shamrock  I.  carried  away  her  topmast  shortly 
after  the  start,  and  Columbia,  according  to  agreement, 
went  on  and  won  ;  antl  then,  in  a  strong  wind  and 
sea.  at  the  eleventh  trial  Columbia  won  by  5  minutes 
t-  seconds.  Sir  Thomas  Lipton,  after  allowing  two 
years  to  pass,  again  challenged  with  Shamrock  II., 
designed  by  Mr.  G.  L.  Watson,  and  built  by  Messrs. 
William  Denny  and  Brothers,  Dumbarton.  Columbia 
was  again  the  defending  yacht,  and  proved  the  winner 
in  all  the  three  matches:  in  the  first  by  i  minute 
35  seconds,  and  in  the  second  by  3  minutes  35  seconds. 
In  the  third  Sliamrork  II.  was  j  seconds  ahead  but  lost 
by  41  seconds  on  the  time  allowance. 

Naval  Education. 

During  the  debate  on  the  Navy  Estimates  Mr. 
Arnold-Forster  announcc<l  that  the  Admiralty  had 
secured  the  services  of  Professor  Ewing  as  Director  of 
Naval  Education,  and  he  added  that  they  "  considered 
themselves  fortunate  in  obtaining  the  services  of  one 
wliose  work  at  the  Vniversity  of  Cambridge,  position 
at  the  Koyal  Society,  and  high  place  in  the  esteem  of 
all  men  for  his  scientific  attainments,  proved  his 
knowledge  to  be  so  e.vceptional."  The  position  is,  of 
course,  a  new  one.  The  Director  will  act  as  general 
adviser  to  the  .\dmiralty  on  all  educational  matters. 
and  will  supervise  the  various  naval  colleges.  One  of 
his  duties  will  be  to  assist  in  the  development  of  the  new 
schenie  for  the  training  of  n,->val  ofiicers,  and  the  impor- 
tance of  the  engineering  element  in  future  naval 
training,  has  doubtless  led  to  the  appointment  of  an 
engineer  to  fill  the  newly-created  post.  We  niav  feel 
assured  that  with  Professor  Ewing  as  permanent 
adviser,  this  aspect  of  naval  training  will,  in  future,  be 
assured  of  the  consideration  to  which  it  is  entitled. 
A  biographical  sketch  and  portrait  nf  Professor  Ewing 
appeared  in  our  April  issue. 

Wireless  Telegraphy  and  Moving  Trains. 

li.  the  remarkable  posMbilities  of  wireless  telegraphy 
as  a  saver  of  life  and  limb  we  alluded  last  month,  when 
a  notable  instance  was  cited  of  its  value  to  ship-wrecked 
mariners.  Some  novel  experiments  which  are  being 
made  in  America  would  seem  to  indicate  that  wireless 
messages  will  open  uj)  yet  another  method  of  providing 
for  the  safety  of  the  travelling  public. 

On  the  occasion  of  t!ie  recent  Forty-seventh  Annual 
Convention  of  the  American  Association  of  General 
Passenger  and  Ticket  .\gents.  the  Grand  Trunk  Kailway 
gave  a  demonstration  of  wireless  telegraphy  on  a  moving 
train.  The  experiment  was  entirely  successful.  Tlie 
demonstration  was  made  by  Dr.  E.  Rutherford, 
F.R.S.C.  and  Dr.  Howard  T.  Barnes,  F.R.S.C,  both  of 
the  JMacdonald  Physical  Laboratory  of  the  McGill 
University,  Montreal.  Signals  were  exchanged  between 
a  station  and  a  train  (which  was  running  at  the  rate  of 
fifty  miles  an  hour).  No  attempt  was  made  to  cover 
distances  comparable  in  length  wirh  those  attained  by 
Marconi  and   others,   but   with   comparatively  sim.ple 


laboratory  apparatus  it  was  possible  lo  keep  the  train 
in  touch  with  the  station  for  from  eight  to  ten  mdes. 
St.  Domini()ue  was  selected  as  the  transmitting  station, 
where  two  large  metal  plate  vibrators  10  fti  by  12  ft., 
connected  with  an  induction  coil  of  the  usual  pattern, 
were  situated.  On  Uie  train  itself  the  waves  were 
received  by  collecting  wires  connected  to  a  coherer  ot 
nickel  and  silver  powder.  The  relay  operated  electric 
bells  in  three  cars.  The  collecting  wires  were  run 
through  the  guides  for  the  train  signal-cord,  and 
extended  on  both  sides  of  the  coherer  for  about  one 
car  length.  To  obtain  the  maximum  effect  it  'would 
have  been  better  to  have  had  a  long  vertical  wire,  but 
since  this  was  impossible,  the  horizontal  wire  was  used. 
Although  these  were  placed  inside  the  steel  frame  cars, 
strong  and  definite  signals  were  obtained  over  the 
distance  named,  .\nother  dilhculty  militated  against 
obtaining  the  maximum  sensitiveness,  as  owing  to  the 
natural  vibration  of  the  train  resulting  from  its  great 
speed,  it  was  impossible  to  have  the  relay  adjusted  to 
its  most  sensitive  point.  In  spite  of  these  difficulties 
the  distance  to  which  signals  could  be  sent  to  the  train 
was  eminently  satisfactorv,  and  with  more  refined 
apparatus  greater  distances  could,  without  doubt,  be 
covered.  The  success  of  this  form  of  wireless  telegraphy, 
of  which  this  was  but  a  pioneer  experiment,  opens  up 
entirely  new  possibilities  for  railway  companies,  and 
it  is  n^ported  that  permission  has  already  been 
given  to  the  De  Forest  Wireless  Telegraph  Company 
to  equip  the  "  Twentieth  Century  Limited  "  train 
of  the  New  York  Central  system  with  wireless  apparatus. 

The  Labour  Problem  at  the  Mines. 

ihc  'liiricuUies  connected  witli  tlif  labour  problem 
on  the  Hand,  were  concisely  stated  in  the  inaugural 
address  delivered  to  the  Instituticm  of  Mining  and 
JNletallurgy  by  its  newly-elected  President,  Mr.  Jennings. 
It  stated  that  there  were  in  1898  some  10,000  workers 
at  the  Rand  mines,  who  received  on  an  average  ,/353 
per  annum.  The  great  difficulty  in  white  labour  was 
the  high  cost  of  living  ;  and,  as  the  proportion  of 
unskilled  white  labour  used  became  greater,  working 
expenses  were  largelv  increased,  and  the  number  of 
mines  that  could  work  at  a  profit  were  decreased^ 
Against  the  employment  of  white  labour  were  the  facts 
— (i)  That  there  were  five  million  vigorous  natives  in 
South  Africa  who  objected  to  extermination,  reipiired 
Government  protection  and  guidance,  and,  therefore, 
should  be  made  to  take  their  share  in  the  work  of  the 
countrv  ;  (2)  the  inbred  instinct  of  the  white  race 
against  working  on  an  equal  footing  with  the  black  ; 
and  (3)  that  men  could  not  be  forced  to  run  industrial 
enterprises  at  a  loss,  and  the  higher  the  working  costs 
the  smaller  would  be  the  tonnage  exploited,  and  the  less 
tl-.e  total  gold  won.  The  greatest  nundjer  and  best 
quality  of  British  colonists  could  be  established  in 
connection  with  the  mines  by  working  the  greatest 
number  of  mines  at  a  profit,  employing  the  greatest 
number  of  skilled  workmen  and  giving  them  an  oppor- 
tunity of  earning  high  wages.  The  labour  costs  could 
be  regulated   by   making   the  white   men   supply   the 
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brains  and  paying  them  well,  hut  the  greater  proportion 
of  the  muscle  must  be  supplied  by  another  race,  one 
who  would  be  satisfied  not_to  enter  the  wliile  domain, 
and  would  cheerfully  work  for  wages  far  below  that 
required  by  the  white  population.  The  remedy  seemed 
to  be  to  apply  inducements  and  pressure  to  the  natives 
in  the  already  tested  native  labour  fields  of  .South 
Africa,  the  inducements  being  extended  in  the  form  of 
money  comforts,  and  enjoyments,  and  the  pressure 
aoplicd  bv  making  them  conform  more  closely  to  the 
ordinary  demands  of  civilisation  in  fields  of  work, 
taxation,  and  restraint.  The  recruiting  area  should  be 
extended  with  great  vigour  to  all  accessible  parts  of 
Africa  ;  and.  as  a  final  and  last  resource,  and  under 
supervision  from  Government,  they  might  turn  to  Asia. 
'J'lie  labour  question  reipiired  not  only  the  attention 
of  employers  of  labour,  but  also  of  the  statesmen  of 
South  Africa  ;  for  not  only  was  the  expansion  of  the 
mining  industry  at  stake,  but  on  its  right  adjustment 
al)  industries  in  South  Africa  depended  and  all  political 
difhculties  and  race  differences  were  also  involved. 

Johannesburg  Electrical  Tramways. 

The  electrical  tramway  scheme  of  the  Johannesburg 
Town  Council  has  now  been  so  far  definitely  settled 
as  to  admit  of  the  issue  of  specifications,  simultaneously 
in  Johannesburg  and  London.  The  work  will  be 
carried  out  on  the  lines  suggested  in  a  report  made 
by  Messrs.  Mordey  and  Dawbarn  upon  the  whole 
question  of  electric  light  and  power  supplies.  The 
total  length  of  all  the  routes  proposed  at  the  present 
time  as  the  first  instalment,  amounts  to  almost  exactly 
twelve  miles,  with  a  double  track  throughout,  so  that 
the  business  \vill  be  one  of  considerable  importance. 

According  to  the  programme  .set  forth  by  the  Council, 
the  date  for  receipt  of  tenders  in  London  will  be  May 
2;th  for  rails,  tie  bars,  points,  crossings,  etc.  It  is 
expected  that  the  orders  will  be  placed  in  July  and 
August,  and  that  the  construction  will  be  commenced 
in  December  of  this  year  and  completed  by  December 
31st,  1004. 

Technical  Education  at  Derby. 

We  have  been  watching  with  considerable  interest 
the  experiment  made  by  Messrs.  Handyside  and  Co..  of 


raising  the  wages  of  their  ajipventices  on  passing 
examinations,  and  allowing  ample  time  for  the  pur- 
suit of  technical  education.  A  Derby  correspondent 
says  the  enterprise  has  proved  so  successful  that  the 
local  technical  college  is  full  to  overflowing  with  eager 
apprentices,  and  it  has  even  been  necessary  to  form  new 
classes.  The  Nottingham  Technical  College  has  issued 
a  special  circular  inviting  the  careful  consideration 
of  employers,  and  quoting  the  arrangement  made  at 
Derby. 

"  The  facilities  with  which  boys  can  be  sent  to  such 
classes  must,  in  each  case,  depend  upon  the  surrounding 
circumstances,  and  the  total  number  employed.  In 
large  concerns,  such  as  railway  shops,  where  the  number 
of  apprentices  would  perhaps  exceed  the  convenient 
capacity  of  the  local  technical  institutes,  it  might  be 
worth  while  to  have  a  special  training  school  in  the 
works.  In  regard  to  the  time  taken  for  classes,  this 
should  be,  if  possible,  in  the  morning,  between  the  hours 
of  8  and  i.  Boys  attending  such  classes  can  take 
things  more  easily,  and  in  such  a  way  be  quite  fresh 
for  the  work  they  have  to  do.  In  most  cases  the 
work  is  done  in  the  evening  after  the  work  of  the  day, 
and  the  result  cannot  be  so  good,  as  it  requires  much 
more  effort  to  really  concentrate  the  attention  of  the 
mind  when  all  the  muscles  of  the  body  are  crying  out 
for  rest."  , 

Ever  since  the  old  guilds  disappeared,  continues 
our  correspondent,  a  wall  of  misunderstanding  and 
coldness  has  grown  up  between  employers  and  men. 
The  men  have  formed  unions,  and  the  masters  have 
federated.  All  combinations  of  labour  should  make 
the  most  of  their  organisation  to  promote  and  enhance 
greater  inteUigence  in  the  younger  men.  English  industry, 
balance,  and  reliability,  combined  with  intellect 
trained  to  approach,  attack,  and  surmount  the  in- 
creasing number  of  problems  appearing  for  solution, 
can,  and  should  certainly  be  successful  in  keeping  pace 
with  German  and  American  competition. 

There  is  no  doubt  at  all  that  technical  institutions 
are  increasing  in  value,  and  will  continue  to  prosper 
directly  an  intelligent  interest  is  taken  in  all  that  is 
attempted,  and  a  real  effort  made  to  utilise  even  a 
fraction  of  what  is  offered.  The  time  is  coming  for  the 
masters  and  men  to  ajiproach  and  come  together  through 
the  medium  of  technical  education. 
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FITTINGS  THAT  WEIGH    DOWN 
BATTLESHIPS. 

A  T  the  Spring  Meeting  of  the  Institution 
-^  of  Naval  Architects,  Mr.  W.  H.  Whiting 
read  an  important  pajier  on  the  effect  of  mociern 
accessories  on  the  size  anci  cost  of  warships. 
The  accessories  referred  to  were  the  features 
which  have  been  introduced  into  warships  at  a 
rapid  rate  during  the  last  twenty  years,  but 
are  not  specificall}'  designed  for  and  necessary 
to  the  main  object  of  the  vessel's  existence. 
There  is  a  great  difference  as  to  the  importance 
or  necessity  of  these  matters.  But,  as  Mr. 
Whiting  pointed  out,  they  all  have  to  be  paid 
for.  "  The  payment  may  be  mainly  in  cost, 
or  it  may  be — it  generally  is — in  increased 
size  of  ship  as  well,  and  in  decrease  of  speed  or 
oftensive  power  or  protection."  Having  quoted 
•several  striking  instances  of  the  magnitude  to 
which  such  fittings  may  attain,  the  author 
remarked  : — 

If  one  were  to  attempt  to  lay  a  complete  list  before 
you  it  might  perhaps  be  thought  that  some  of  the  items 
are  so  small  that  a  reduction  in  their  weight  is  hardly 
worth  making.  One  often  hears  it  said  :  "  What  will 
you  save — not  a  hundredweight  ?  "  Or  it  may  be  that 
even  a  smaller  figure  is  named.  But  it  is  obvious  that  a 
small  percentage  on  a  large  number  of  items  may  give 
ijuite  an  appreciable  result  ;  and  very  often  the  per- 
centage is  a  large  one,  ttiough  the  absolute  weight 
ci>ncerned  is  but  little.  Further,  each  saving  has  to  be 
multiplied  by  two  or  three  to  get  its  gross  effect  on  the 
ship.  .■Xnd  lastly,  the  real  question  is  :  "  What  can 
be  added  by  such  savings  to  the  armament,  or  to  some 
other  primary  feature  of  the  ship  .'  " 


Take  for  e.xample  a  g.ooo-ton  cruiser,  whose  hull 
weighs,  let  us  say,  3,500  tons,  her  machinery,  1,600 
tons,  and  her  armament  700  tons.,  Now,  supposing 
even  that  on  the  greater  part  of  her  hull  structure 
proper  and  of  her  machinery  no  great  saving  is  possible, 
yet  if  we  can  save  5  per  cent,  on  2,000  tons  we  have 
100  tons,  and  this  is  14  per  cent,  on  the  armament 
weights.  It  may  be  a  very  fair  subject  for  inquiry 
whether  the  additional  5  per  cent,  of  hull  and  machinery 
weights  will  be  worth  as  much  as  the  14  per  cent,  of 
armament  when  the  vessel  goes  into  action.  .\iul  if  you 
go  round  a  ship  and  carefully  examine  the  weights  in 
detail,  there  are  a  very  large  number  on  which  you  can 
conceivably  .save  5  per  cent.  There  are  fewer  than  one 
might  at  first  suppose  which  are  not  capable  of  an 
economy  of  5  per  cent. 

DESIRABILITY    OF    COMBINING    THE     MOST    ADVAN- 
TAGEOUS   QUALITIES    IN     MEN-OF-WAR. 

Sometimes,  of  course,  \'nu  can  reduce  the  weight  of 
fittings  by  more  careful  design  alone.  It  needs  to  be 
made  clear,  however,  that  you  cannot  always  do  so. 
Such  savings  can  only  be  got  in  many  cases  by  sacri- 
ficing something  which  admittedly  adds  to  efliciency 
in  a  minor  sense.  This  is  inevitable.  You  cannot  get 
something  for  nothing,  or,  i£  you  do,  it  is  not  worth 
having.  Yet  it  is  not  always  understood  that  economy 
in  these  matters  often  means  giving  up  something  that 
you  want  and  not  merely  something  that  you  do  not 
want.  It  is  hardly  to  be  supposed  that  there  will  be 
found  in  a  modern  vessel  many  things  that  are  abso- 
lutely useless. 

The  main  question  in  any  given  design  is  whether 
there  have  been  selected  and  combined  the  most 
advantageous  qualities  which  can  be  got  on  a  given 
displacement  and  for  a  given  price  at  that  moment-  If 
we  have  it,  it  is  a  successful  design.  If  we  have 
materially  sacrificed  qualities  which  will  certainly  be 
needed  at  the  beginning  of  an  action  to  provide  for 
risks  which  may  occur  at  its  close,  or  for  other  remote 
contingencies,  then  the  presumption  is  that  there  is  3. 
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more  satisfactoi-y  design  possible.  It  is  often  tlie  case 
that  those  wlio  appreciate  the  advantaROS  of  the  little 
efficiencies  in  detail,  neverthelefs  fail  to  recognise  why 
the  completed  vessel  compares  unfavourably  as  to  her 
fighting  qualities  with  a  ship  from  which  such  fittings 
have  been  morerigorouslv  oxcliuled. 

SOME    OF    THE    PRINCIPAL    CAUSES   THAT    TEND    TO 
INCREASE    THE    WEIGHT   OF    WARSHIPS. 

Many  causes  have  worked  together  to  affect  a 
modem  warship  in  this  way  ;  many  are  still  in  opera- 
tion :  and  I  wish  to  devote  mv  remaining  time  to  a 
brief  summary  of  those  which  can  well  he  brought  before 
this  institution. 

I'l)  The  natural  tendency  in  nny  large  organisa- 
tion is  to  retain  things  which  have  come  to  be  of  less 
ase  than  formerly,  or  even  of  no  use.  From  this 
tendency  navies  are  not  exempt,  and  we  find  fittings 
and  stores  reta-ued  which  might  v)ossibi-%  be  omitted 
with  advantage.  The  strong  feeling  m  favour  of  the 
retention  of  sails  long  after  these  had  ceased  to  be  of 
use,  and  had  even  become  a  danger,  is  an  illustration 
of  this  tendency. 

(J)  The  rapid  developm.ent  of  mechanical  improve- 
ments of  every  kind  leads  to  the  introduction  of  labour- 
sa\mg  appliances  in  warships  and  merchant  ships  a!ike. 
Put,  Avhereas  these  are  accompanied  by  great  reductions 
in  the  crews  of  merchant  ships,  it  is  necessary  to  keep 
big  crews  in  warships  for  lightmg  purposes,  and  thus 
we  get  on  the  one  hand  steam  pumps  to  save  daily 
manual  pumping  of  fresh  water  or  of  the  bilges, 
and  on  the  other  hand  special  fittings  for  exercising 
purposes. 

( 5)  The  higher  standard  of  life  ashore  and  afloat  adds 
rapidly  to  the  weights  of  warships.  The  provision  for 
food,  cooking,  bath-room  and  sanitary  fittings,  ventila- 
tion and  artificial  light  has  greatly  increased  in  the  last 
twenty  years  and  is  still  increasing.  A  large  proportion 
of  the  complement  needs  superior  accommodation, 
corresponding  with  their  higher  training.  The  weights 
of  tiling  and  of  piping  for  hot  and  cold  water  are  vastly 
greater  than  those  that  served  for  many  ships  which 
are  still  in  commission. 

(4)  The  steam  or  electric  motors  used  for  the  pur- 
poses of  the  last  two  paragraphs  involve  a  heavy  coal 
bill,  so  that  to  give  a  ship  a  specified  steaming  capacity 
it  is  necessary  to  add  a  much  larger  percentage  of  coal 
than  formerly.  This  load  has  to  be  carried  at  the  given 
speed. 

(5)  The  distrust  (or  rather  the  partial  trust)  of  new- 
appliances  adds  largely  to  weight  and  cost.  Candles 
or  lamps  give  place  to  electric  light,  but  the  fear  of 
losing  the  light  involves  the  carrying  of  two  systems 
instead  of  one.  £o  it  has  been  with  sail  and  steam 
power,  steam  and  hand  steering,  hydraulic  gun  gear  and 
hand  gear.  And  as  it  is  but  rarely  that  the  new 
apijliance  has  an  advantage  in  every  conceivable  cir- 
cumstance over  the  old  there  is  a  great  tendency  to 
carry  both.  In  almost  every  case  such  duplication 
involves  some  new  chance  of  a  breakdown  ;  and  this 
serious  consideration  applies  also  to  the  two  following 
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Jiaragraphs.     New  risks,  thus  introduced,  have  brought 
about  many  accidents  in  recent  years. 

('')  A  natural  desire  to  provide  for  every  risk  leads  to 
great  increase  in  detail.  Thus,  many  vessels  used  to 
have  five  different  methods  of  operating  the  steering 
gear.  The  anchor  and  cable  gear,  the  ventilation, 
drainage,  and  pumping  arrangements  had  and  still 
have  great  elaboration.  It  is,  of  course,  very  difficult 
to  so  accurately  appraise  a  particular  risk  as  to  say 
that  it  is  not  worth  providing  against.  It  is  still  less 
possible  to  provide  for  it  without  making  the  ship  as  a 
whole  suffer  to  a  certain  definite  extent. 

(7)  A  closely  allied  tendency  is  that  which  leads  to  the 
duplication  of  littings.  Thus  there  are  two  steering 
engines,  or  two  leads  of  shafting  to  operate  the  steam- 
steering  engine  ;  the  dynamos  are  designed  so  that  one 
may  always  be  under  repair  or  idle  ;  and  each  of  the 
hydraulic  pumping  engines  is  equal  to  the  whole  de- 
mands of  the  armament.  Here,  too,  the  cause  of  the 
demand  for  the  increased  weight  is  the  difficulty  of 
saying  exactly  what  risk  should  be  accepted.  The 
logical  course  would  be  to  make  provision  proportional 
to  the  magnitude  of  the  risk  multiplied  by  itsprobabilitv. 
It  is  possible  that  in  some  cases  an  approximate  valua- 
tion might  be  obtained  by  careful  study,  and  1  would 
like  to  suggest  that  no  small  service  might  be  rendered 
to   the   Navy  by   an   examination   of   this  question. 

(8)  A  great  source  of  increased  weight  is  the  additions 
called  for  by  comfort  and  convenience,  rather  than  by 
direct  necessity.  Thus  bigger  steamboats,  better 
artificial  lighting,  double  or  rain  awnings,  side  screens, 
wind-shoots,  ice  machines,  etc.,  though  each  of  un- 
doubted utility,  and  though  reaching  in  no  wav 
beyond  the  standard  of  comfort  in  passenger  steamers, 
do,  nevertheless,  impose  a  considerable  load,  direct 
and  indirect  on  a  warship. 

(9)  The  desire,  and  perhaps  the  necessity,  for  smart- 
ness adds  largely  to  weight.  First  and  foremost  in 
this  connection  comes  paint.  One  who  has  not  the 
records  before  him  may  well  be  incredulous  at  the 
enormous  weight  of  paint  worked  into  a  ship.  The 
most  serious  feature  is  that  the  process  never  ceases, 
and  the  greater  the  pride  in  the  ship  the  greater  the 
tendency  to  sink  her  with  white  lead.  I  have  been  told 
of  a  case  in  which  there  was  removed,  from  the  inner 
surface  of  a  portion  of  the  crew  space  of  a  destrover, 
paint  of  a  weight  of  over  2  lb.  per  square  foot.  This 
is,  no  doubt,  exceptional,  but  I  doubt  whether  all 
officers  realise  how,  by  a  rigid  economy  in  paint,  they 
may  not  inappreciablv  benefit  their  ship.  A  curious 
development  of  this  wish  for  smartness  is  the 
desire  for  screw  gear  on  board  ship.  Not  merely 
in  rigging,  but  in  many  fittings,  such  as  awnings, 
ridge-ropes,  guard  chains  and  ropes,  and  in  the  securing 
of  all  kinds  of  gear,  lashings  have  given  place  to  screws 
and  slips,  which  not  only  add  directly  to  the  weiglit, 
but  impose  greater  strains  on  the  fittings.  The  screws 
mean  bigger  awnings,  stanchions,  and  so  on. 

(lo)  .\uxiliary  machinery  tends  to  be  continually 
increased  in  power  by  the  competition  of  fleet  hfe. 
Weighing    anchor,     laying    out    anchors,    and    otlier 
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operations  carriej  out  in  concert  lead  to  the  working 
of  gear  for  all  it  is  worth,  and  to  demands  for  more 
power,  although  the  direct  use  in  war  may  not  be  great. 

(11)  Any  doubt  as  to  tactics,  whether  of  defence  or 
ofience.  must  iuevitably  add  to  weight.  Thus  the 
torpedo  net  defence,  now  rarely  carried  by  fast  cruisers, 
formed  a  big  load  in  earlier  vessels.  Similarly,  ques- 
tions as  to  the  positions  of  search  lights,  the  use  of 
lighting  tops  and  of  submarine  mines  have  had  the  hke 
tendency.  There  is  a  larger  sense  in  which  this  con- 
sideration affects  ships.  If  it  could  be  exactly  and 
permanently  determined  in  what  way  a  fleet  should  be 
used,  great  economies  in  design  would  no  doubt  be 
possible.  It  might  conceivably  lead  to  greater  speciali- 
sation, so  that  a  .squadron,  not  necessarily  homogeneous 
as  to  offence  or  defence,  should  become  the  unit  of 
design.  The  extended  use  of  auxiliaries  might  tend 
to  ease  many  difficulties  in  the  design  of  a  single  fighting 
ship. 

(12)  The  greater  demand  for  perfection  in  littings  has 
led  to  increased  weight  in  recent  years.  This  applies 
particularly  to  such  matters  as  water-tightness  in 
skylights,  ports,  casings,  and  electrical  fittings.  No 
one  who  compares  the  fittings  of  two  ships  whose  age 
differs  by  ten  years  or  more  can  fail  to  see  the  additional 
weight  of  fittings  due  to  this  cause. 

(13)  A  desire  not  to  press  machinery  severely  imposes 
a  great  load  on  a  ship  compared  with  another  in  whicli 
such  pressing  is  admissible.  If  this  consideration 
extends  not  merely  to  the  boilers  but  to  the  many  pieces 
of  auxihary  machinery  throughout  the  ship,  the  effect 
IS  \  ery  appreciable. 

(14)  Daily  Ufe  in  a  ship  tends  to  call  attention  far 
more  to  what  is  felt  to  be  lacking  than  to  what  is 
redundant,  and  hence  in  a  ship,  as  in  a  house,  there  is  a 
constant  tendency  to  add  new  fittings  at  a  higher  rate 
than  to  dispense  with  others. 

(15)  Desire  for  great  durabihty  may  unduly  increase 
the  first  cost  and  size  of  a  ship.  It  is  possible  that  it 
may  pay  better  to  accept  frequent  repairs  than  to  add 
to  scantUngs  and  weight. 

(16)  The  general  tendency  to  raise  important  parts 
of  the  vessel  in  relation  to  the  water-line  makes  it  ever 
more  difficult  to  secure  adequate  stability,  and  this 
involves  increased  dimensions.  Economies  tend  to  be 
made  in  the  lower  parts  of  the  ship.  Additions  are 
more  often  high  up. 

(17)  Every  accident  to  a  ship  leads  to  demands  for 
mechanical  provision  in  all  other  ships  to  meet  or 
prevent  such  a  case,  although  the  chance  of  its  recur- 
rence be  small,  or  the  accident  due  to  personal  causes. 

Some  of  these  factors  exist  in  merchant  ships,  but 
there  is  one  radical  difference  between  the  mercantile 
marine  and  the  Navy.  In  the  latter  the  test  of  experi- 
ence is  largely  wanting.  If  from  any  cause  there  be 
imposed  on  a  merchant  ship  unnecessary  loads  or 
superfluous  cost,  there  is  an  immediate  and  automatic 
check.  She  does  not  pay.  Somebody's  else's  ships 
pay  better.  Dividends  are  the  touchstone  of  efficiency. 
Nothing  of  the  kind  exists  in  any  practical  shape  in 
regard  to  warships.     You  cannot  test  them  by  setting 


them  to  fight  one  another,  and  paper  valuations  are  a 
poor  substitute. 

But,  though  the  keenness  of  the  competition  in  the 
case  of  fighting  ships  be  less  evident  and  its  realisation 
be  delayed,  it  is  none  the  less  real.  Its  very  intensity 
makes  these  minor  matters  of  design  things  of  moment. 
It  constitutes  the  best  of  reasons  for  saving  small 
weights  and  for  acccptine  small  risks. 

A     QUESTION     OF     TIME     AND      MONEV. 

It  has  sometimes  been  suggested  that  there  is  no 
harm  in  making  a  ship  somewhat  bigger  than  i^  neces- 
sarj'  for  the  satisfaction  of  the  main  conditions  of  the 
design.  The  saving  of  small  weights  is  looked  on  as 
unnecessary  stinginess.  This  line  of  thought  ignores 
the  fact  that  the  weight  involves  cost.  All  the  argu- 
ments I  have  tried  to  lay  before  you  are  immensely 
strengthened  when  we  reflect  that  these  additional 
weights  nearly  always  impose  an  expenditure  of  money 
in  greater  proportion  than  that  of  weight.  Improve- 
ments are  generally  expensive.  You  make  a  machine 
10  per  cent,  more  costly  without  making  it  10  per  cent, 
heavier.  You  sometimes  do  both  without  making  it 
10  per  cent,  more  efficient. 

These  objections  to  economy  ignore  also  the  loss  of 
time.  Given  two  designs,  in  one  of  which  there  is  a 
marked  increase  in  elaboration  and  complexity  of 
detail,  and  you  will  increase  the  time  of  building  faster 
than  the  weight  or,  perhaps,  than  the  cost.  Speed 
of  construction  is  an  important  element  of  the  naval 
strength  of  the  country.  It  increases  the  available 
force  at  any  moment  antl  leaves  our  building  resources 
available  for  fresh  work.  Elaboration  does  precisely 
the  opposite.  It  takes  from  the  primary  features  of  each 
ship.  It  lessens  the  number  of  ships  to  be  got  for  a 
given  sum.     It  delays  their  production. 

Lastly,  in  the  ceaseless  accumulation  of  these  acces- 
sory features  of  warships  we  have  one  of  the  chief 
factors  in  their  general  deterioration.  Their  arma 
inent,  armour,  and  machinery  tend  to  fall  behind  as 
improvements  in  manufacture  and  design  follow  one 
another  in  rapid  succession.  This  is.  of  course,  in 
evitable.  But  nothing  so  surely  tells  against  a  ship  as 
the  continued  process  of  sinking  her.  The  history  of 
many  ships,  as  recorded  by  their  draughts  from  year 
to  year,  affords  conclusive  proof  that  the  growth 
of  minor  details  amounts  in  the  aggregate  to  a  large 
variation  in  the  principal  feature  of  a  design. 

In  conclusion,  it  was  remarked  that  advance 
in  the  field  covered  by  the  paper  was  a  very 
difficult  matter.     . 

So  many  things  militate  against  el:onomy.  It  is 
rarely  a  thing  about  which  one  grows  enthusiastic. 
There  is  much  discouragement  with  it,  and  some  little 
risk.  But  the  work  is  there,  and  has  to  be  done  ; 
and  it  can  only  be  done  by  the  united  efforts  of  all 
connected  with' the  Navy.  It  is  by  no  means  merely  a 
question  of  office  design.  It  needs  the  intelligent  and 
ceaseless  co-operation  of  all  engaged  in  the  work  of 
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construction,  anil  not  least  that  of  our  subordinate 
building  officers  and  workmen.  Most  of  all,  it  needs 
the  continuous  help  and  often  the  thought  and  self- 
denial  of  naval  officers  of  all  ranks,  who  necessarily 
exert  so  great  an  influence  on  the  details  of  the  ships 
they  have  to  live  in  and  to  fight. 

It  is  well  known  to  many  here  that  this  subject  is 
not  a  novel  one.  It  has  engaged  the  attention  of  those 
who  direct  the  affairs  of  the  Navy.  Much  has  been 
done  ;  but  it  is  a  work  in  which  much  more  still  re- 
mains. It  is  with  the  object  of  attracting  more  general 
attention  to  the  practical  side  of  the  ([uestion  that 
this  paper  lias  been  prepared. 

In  tlie  course  of  the  ensuing  discussion 
Admiral  Sir  E.  R.  Fremantle  remarked  that 
stores  liad  not  been  mentioned,  but  he  thought 
that  too  manj'  were  now  taken  on  board  a 
ship.  Professor  Biles  thought  the  paper 
important,  because  it  really  called  attention  to 
the  absence  of  precise  information  as  to  the 
weights,  etc.,  of  recent  warships.  He  pleaded 
for  less  secrecy  in  important  particulars  of 
design. 

Vice- Admiral  Sir  Gerard  Noel  was  "  dead 
against  "  reducing  the  boats.  The  i8-ton  boats 
were  invaluable,  not  for  comfort  or  habita- 
bility,  but  for  service  in  war  time.  Masts 
were  being  reduced,  yet  they  were  almost 
essential  for  signalling  and  other  purposes. 
But  stores  certainly  could  be  reduced,  as 
also  could  the  amount  of  paint,  if  the  dock- 
vards  would  only  paint  the  ships  as  the  service 
liked  them. 

Sir  William  White  heartily  endorsed  the  main 
purpose  of  the  paper,  which  was  to  interest  all 
concerned  in  naval  construction  in  carrying 
economies  in  the  weight  of  accessories  as  far  as 
possible.  Naval  architects  asked  that  it  might 
not  be  their  business  only  to  keep  down  weights. 
He  did  not  wish  to  suggest  that  naval  officers 
were  not  alive  to  this  matter,  but  a  point  had 
been  reached  where  it  was  necessary  to  look 
with  the  greatest  care  into  the  question  of 
accessories.  Here  the  co-operation  of  the  naval 
officer  was  wanted,  and  he  was  sure  the  architects 
would  get  it.  In  the  ships  of  war  of  a  great 
service  like  ours  there  was  inevitably  a  tendency 
towards  greater  complication  and  fuller  equip- 
ment, involving  greater  weight.  No  naval 
architect  wished  to  leave  out  anything  essential, 
but  as  to  what  was  essential  there  was  a  differ- 
ence of  opinion. 


THE  "  LINES "   OF    FAST   CRUISERS. 

A  PAPER  on  this  subject,  by  Vice-Admiral 
C.  C.  P.  Fit/.Gerald,  was  read  at  the 
Spring  Meeting  of  the  Institution  of  Naval 
Architects,  the  author  remarking  at  the  outset 
that  he  dealt  with  the  question  more  as  an 
inquirer  than  with  the  idea  of  laying  down  the 
law  dogmatically  as  to  what  are  or  are  not  the 
best  possible  lines  upon  which  ocean  cruisers 
of  high  speed  ought  to  be  built. 

Both  professional  naval  architects  and  professional 
seamen  know  perfectly  well  that  it  is  impossible  to  get 
high  speed  in  any  vessel  without  fine  lines,  and  it  is 
equally  impossible  to  get  very  high  speed  without 
\ery  fine  lines.  This  sounds  almost  like  a  truism  to 
those  who  know  anything  about  the  subject.  No 
amount  of  horse-power  will  avail  unless  the  co-efficient 
of  fineness  bears  a  certain  relation  to  the  speed  re- 
quired ;  but  it  appears  to  me  that  there  is  a  great 
deal  of  ditterence  between  fine  lines  and  hollow  lines ; 
and  this  brings  me  directly  to  the  point  which  I  trust 
some  naval  architects  here  present  will  elucidate  for 
us.  viz..  whether  there  are  any  special  advantages 
in  hollow  lines  which  are  not  apparent  to  the  eye  of  a 
seaman,  or  which  can  be  taken  as  an  adequate  com- 
pensation for  the  disadvantages  which  he  knows  them 
to  possess  in  all  conditions  of  wind  and  weather,  with 
the  sole  exception  of  dead  smooth  water — a  condition 
which,  I  need  scarcely  say,  is  very  rare  at  sea. 

I  may  perhaps  point  out  here  what  I  mean  by 
reference  to  the  diagram  (fig.  i).  This  diagram 
shows  the  water-line  of  our  armoured  cruisers  of  the 
"  County  "  class,  and  I  think  it  can  be  scarcely , open  to 
question  that  their  lines  are  very  hollow,  particularly 
the  bow  lines.  I  may  observe  that  the  ships  them- 
selves look  even  more  hollow  than  the  diagram  shows, 
though  this,  of  course,  may  be  an  optical  delusion. 

I  have  ventured  to  add  to  the  original  diagram  a 
dotted  line  showing  an  imaginary  water-line  which  is 
not  hollow,  but  slightly  conve.^,  and  approaching 
more  nearly  to  the  lines  of  our  30-knot  destroyers, 
and  of  fast  Atlantic  liners,  and  I  would  ask  the  question 
whether  these  lines  would  require  a  greater  horse- 
power to  drive  them  at  a  given  speed  than  the  hollow 
hues,  even  in  smooth  water  ?  And,  if  this  question 
is  answered  in  the  affirmative,  I  would  still  point  out 
that  by  filling  in  this  hollow,  the  ship  would  be  given 
a  greater  displacement,  and  would  in  consequence  be 
able  to  carry  a  greater  weight  of  engines,  and  she  would 
certainly  be  a  better  ship  in  rough  water,  even  if  there 
was  a  slight  falling  oft  in  her  trial   trip  speed. 

I  am  quite  aware  that,  generally  speaking,  com- 
parisons between  the  designs  of  war  cruisers  and 
.\tlantic  liners  are  apt  to  be  misleading,  as  the  shijis 
are  intended  to  perform  totally  different  services, 
and  it  is  impossible  to  combine  the  requirements  of 
both  in  any  one  ship.  It  is  not  necessary  to  enter  into 
the  details  of  this  mcompatibility,  as  they  must  be 
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obvious  to  both  naval  architects  and  seamen  ;  but 
there  is  one  quality  which  is  essential  to  both,  and 
that  is,  length.  You  cannot  drive  a  short  ship  against 
a  head  sea  :  it  is  simply  impossible.  Length  is  neccs- 
sarj-  in  order  to  get  anything  like  high  speed  in  rough 
water ;  and,  moreover,  total  length,  or  length  over 
all.  is  of  no  use  unless  it  is  combined  with  length  of 
floor  ;  it  is,  in  fact,  actually  detrimental,  as  it  onlv 
increases  the  pitching  moment.  .\  comparatively 
broad  and  flat  floor  amid.ships,  with  two  very  line 
and  hollow  ends,  will  only  make  a  rocking  machine, 
which  may  possibly  be  driven  fast  in  smooth  water, 
and  may  be  suitable  for  a  river  steamer,  but  which 
is  quite  unsuitable  for  an  ocean  cruiser.  1  put  forward 
these  views  on  the  subject  as  the  crude  remarks  of  a 
seaman,  subject  to  the  contradictions  of  applieil  science  ; 


to   be  splendid   sea  boats   for   their  size,   weathering 
■Atlantic  gales  and  typhoons  i»  the  China  seas. 

TANK     EXPeRIMENTS. 

I  desire  to  speak  with  the  greatest  respect  of  tank 
experiments.  I  have  not  the  smallest  doubt  that  they 
have  been  of  great  use  to  naval  architects  in  elucidating 
problems  in  hydrodynamics,  and  in  assisting  them  to 
come  to  conclusions  as  to  the  form  of  model  which  oilers 
the  least  resistance  at  various  speeds.  Such  experi- 
ments and  researches  must  always  be  useful  in  checking 
theory  with  practice,  so  far  as  such  tri.i's  can  be  con- 
sidered practical  ;  thoush  it  must  be  borne  in  mind 
that  all  tank  experiments  relate  only  to  smooth  water 
conditions,  and  it  is  quite  possible  that  the  conclusions 
arrived   at  through   a  combination  of  abstract  theory 


but  they  are  the  result  of  many  years'  observation 
of  the  behaviour  of  ships  and  vessels  of  various  classes. 
in  all  conditions  of  wind  and  weather,  and  thev  must 
be  taken  lor  whatever  they  are  considered  worth. 

In  comparing  the  lines  of  our  larger  ocean  war 
cruisers  with  those  of  destroyers,  it  is  obvious  that  in 
the  latter  the  proportion  of  length  to  breadth  is  greater 
than  in  the  former,  thus  admitting  of  finer  lines,  and 
this  length  is  no  doubt  necessary  in  order  to  get  space 
for  boilers  enough  to  produce  the  great  horse-power 
required  to  drive  these  little  vessels  at  30  knots  ; 
but  in  examining  the  drawings  of  destroyers,  and  in 
looking  at  the  vessels  themselves,  I  am  unable  to  see 
any  hoUowness  in  their  Imes.  I'he  lines  appear  to  be 
almost  quite  straight,  and  in  some  boats  slightly 
convex,  until  you  get  aft  as  far  as  the  boiler  space  ; 
and  yet  these  little  vessels  (putting  on  one  side  some 
signs  of  structural  weakness)  have  proved  themselves 


and  tank  cxpermients  with  small  models  may  be 
misleading,  if  appUed  too  rigidly  to  full-sized  ships 
which  have  to  travel  upon  the  troubled  surface  of  the 
ocean.  Indeed,  it  is  impossible  to  help  surmising  that 
tank  experiments  are  responsible  for  the  hollow  lines 
of  which  I  am  now  speaking.  If  I  am  wrong  in  this 
surmise,  I  shall,  no  doubt,  be  corrected, 

Some  years  ago  we  used  to  hear  a  good  deal  abont 
the  "  wave  line  "  theory  ;  in  other  words,  a  hollow 
bow.  Speaking  from  memory,  I  think  it  was  intro- 
duced— or,  at  any  rate,  advocated — by  the  late  Mr.  Scott 
Russell  ;  but  I  have  certainly  been  of  opinion  that 
this  theory  has  since  been  discredited,  both  by  naval 
architects  and  seamen,  for  all  ocean-going  steamers, 
although  it  is  possible  that  it  may  still  be  applied  with 
success  to  river  steamers  :  at  any  rate,  it  is  certain 
that  you  will  not  see  a  hollow  line  in  any  of  our  fast 
Atlantic  liners.     Splendid  models  of  these  ships  are  on 
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view  in  many  puVilic  places  particularly  in  Cockspiir 
Street,  so  that  anyone  can  see  for  himself  that  there 
is  no  hollow  in  the  bow  lines  ;  but  that,  on  the  contrary, 
the  floor  of  the  ship  is  carried  right  forward  to  the 
cutwater — a  form  which  enables  the  vessel  to  rise  to  a 
sea,  instead  of  pitching  deeply  into  it. 

A    COMPARISON. 

It  has  often  been  urged  that  comparisons  between 
British  and  foreign  cruisers  are  apt  to  be  misleading, 
and  unfair  to  the  former  unless  the  full  particulars 
are  known  and  set  forth.  This,  no  doubt,  is  perfectly 
true  :  but  yet,  in  spite  of  the  very  high  authority 
by  which  this  warning  has  been  issued,  I  think  it  will 
not  be  irrelevant  to  the  present  subject  to  compare 
the  British  Kent  of  the  ''  County  "  class  with  the  Russian 
cruiser  Bayan,  built  at  La  Seyne.  The  Kent  has  a 
nominal  tonnage  of  9,800,  the  Bayan  7,800,  and  there 
can  be  no  doubt  that  the  additional  2,000  tons  ought 
to  give  a  great  superiority  to  the  Kent  either  in  speed, 
armour,  armament,  or  coal  endurance.  With  regard 
to  armour,  there  does  not  appear  much  to  choose 
between  them,  although  the  distribution  of  it  is  quite 
different  ;  thus  the  Kent  has  a  belt  4  in.  thicjc  amid- 
ships, tapering  to  2  in.  forward,  carried  right  to  the 
stem  ;  and  the  Bayan  has  a  belt  8  in.  thick  amidships 
(but  very  narrow  and  short  at  this  thickness)  tapering 
to  3  in.  forward,  and  carried  right  to  the  stem.  In 
both  cases  the  belt  stops  about  100  ft.  from  the  stern. 
The  Kent  has  a  i-in.  bulkhead;  but  I  cannot  find 
out  whether  the  Bayan  has  or  has  not  a  bulkhead. 
The  width  of  the  thin  belt  in  both  ships  is  about  the 
same. 

The  Bayan  is  armed  with  two  S-in.  guns,  protected 
with  7-in.  armour ;  eight  6-in.,  protected  with  3-in. 
armour ;  twenty  29  in.,  eight  of  which  are  behind 
3-in.  armour  ;  and  seven  i-8-in.  guns.  The  Kent 
carries  fourteen  6-in.  guns,  protected  by  5-in.  and  4-in. 
armour,  and  thirteen  12-pounders  unprotected  ;  her 
armoured  deck  is  2J  in.  thick,  against  the  Bayan's 
2  in.,  and  the  Kent  carries  more  ammunition  than  the 
Bayan  :  but  the  latter  has  two  submerged  torpedo 
tubes,  and  the  Kent  has  none.  With  regard  to  coal 
supply,  the  Kent  carries  800  normal  and  1,600  full 
stowage  for  22,000  h.p.  engines,  and  the  Bayan  carries 
750  normal  and  1,100  full  stowage  for  16,500  h.p. 
engines. 

The  Bayan  was  designed  for  21  knots,  and  made  22 
on  her  trial.  The  Kent  was  designed  for  23  knots,  and 
made  2f7  on  her  first  trial  ;  and,  although  she  has 
somewhat  improved  upon  that,  owing  to  some  altera- 
tion in  her  screws,  she  has  not  yet  attained  her  designed 
speed  ;  nor  have  any  of  her  sisters.  Presumably 
the  Bayan's  trial  lasted  for  only  three  hours,  and  the 
Kent's  for  eight.  The  Bayan  is  445  ft.  long  by  57  ft. 
beam,  and  the  Kent  is  440  ft.  long  by  66  ft.  beam. 
The  5  ft.  additional  length,  coupled  with  9  ft.  less 
beam,  commends  itself  to  the  mind  of  a  seaman  as 
being  a  better  form  than  the  other  one  for  driving 
against  a  head  sea  ;  and  it  seems  to  be  no  worse  for 
attaining  a  good  trial  trip  speed.     I  have  not  been  able 


to  get  the  lines  of  the  Bayan.  It  is  difficult  to  get  the 
lines  of  foreign  ships  ;  but  I  have  seen  a  good  many 
French-built  ships,  and  I  can  safely  say  that  I  have 
never  been  able  to  detect  a  hollow  line  in  any  of  them. 

In  the  above  comparison  I  have  endeavoured  to  be 
perfectly  fair,  and  have  impartially  given  such  infor- 
mation as  I  have  been  able  to  collect  ;  and  it  certainly 
does  not  appear  as  if  our  "County  "  class  of  9,800  tons 
possess  such  a  superiority  over  the  Bayan  of  7,800 
tons  as  they  ought  to  possess.  It  would  be  interesting 
to  know  if  this  is  in  any  way  attributable  to  their 
hollow  lines. 

CONCLUSION. 

It  is  always  rash  to  prophesy,  and  yet  I  will  venture 
to  predict  that  the  whole  of  our  "County"  class  will  prove 
to  be  very  wet  ships.  They  will  be  wet  for  two  reasons : 
one  is  that  their  sponsons  are  too  low.  and  the  other 
is  that  they  have  hollow  lines,  particularly  the  bow 
lines ;  and  this,  in  combination  with  the  armour 
carried  right  forward  to  the  stem,  will  make  them 
pitch  with  all  the  venom  of  much  shorter  ships  ;  and 
it  must  be  remembered  that  a  wet  ship  interferes 
considerably  with  the  accuracy  of  gun  fire. 


THE    PREMIUM    SYSTEM. 

TVyTR.  JAMES  ROWAN,  in  the  course  of  a 
■*■■*■  paper  read  before  the  Institution  of 
Mechanical  Engineers,  has  contributed  some 
useful  hints  on  the  premium  system  as  applied 
to  engineering  workshops.  The  author's  expe- 
rience of  the  system  described  has  been  gained 
in  the  manufacture  of  marine  engines,  but  it 
can  be  applied  by  any  manufacturer. 

PRELIMINARY     RECOMMENDATIONS. 

Before  deciding  to  introduce  the  premium 
system  it  is  recommended  that  the  following 
jioints  be  well  considered,  viz.  : — 

The  amiiunt  of  personal  work  involved,  the  pros- 
pective expenditure  of  capital,  the  perseverance 
reijuired  on  the  part  of  the  management  to  maintain 
it,  and  the  initial  outlay  on  the  rate-fixing  department. 
It  is  only  by  the  most  assiduous  attention  and  the 
utmost  perseverance  that  it  will  be  successfully  carried 
Ihrougli.  It  should  never  be  allowed  to  be  a  failure. 
It  would  be  better  not  to  attempt  it  if  there  is  any 
chance  of  failure,  and  it  certainly  should  not  be  intro- 
duced into  anv  worksliop  hurriedly  or  before  arrange- 
ments are  thoroui;hlv  made. 

RATE-FIXING     DEPARTMENT. 

The  first  thing  to  be  dune  liy  a  firm  introducing  a 
premium  system  is  to  establish  a  rate-fixing  depart- 
ment.    It  is  of  importance  that  a  separate  department 
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be  started,  auil  that  the  rate-!ixing  be  not  placed  as 
an  additional  dnty  upon  the  foremen.  No  one  need 
be  alarmed  at  this,  as  two  men  will  do  all  the  rate-lixing 
that  is  required  in  an  engineering  workshop  employing 
about  300  men.  In  a  very  short  lime  the  rate-li-vini;, 
timekeeping,  and  wages-costing  departments  will 
merge  into  one,  as  the  work  done  is  so  much  allied- 
Two  men,  with  the  assistance  o(  two  timekeepers  and 
two  boys,  will  do  all  the  work  that  is  reciuired,  until 
the  wages  are  abstracted  and  invoiced  against  the 
different  jobs.  The  man  in  cliarge  of  the  mtc-fixing 
department  shouUl  be  a  trained  engineer,  with  a  good 
deal  of  worksliop  experience  and  some  experience  in 
the  drawing  ofi'ice.  An  intelligent  man,  with  this 
training,  soon  gains  the  conlidencc  of  the  workmen,  and 


that  the  times  to  do  all  the  operations  have  been 
recorded  against  the  contract  as  a  whole.  It  may  be 
consiilercd  by  some  employers  that  tl\e  times  as  thus 
taken  by  their  timekeepers,  or  recorded  by  the  men, 
aflord  them  sullitient  information  to  start  upon.  Too 
much  value,  however,  should  not  be  attached  to  tliese 
times,  and  they  should  not  be  used  as  a  basis  for  lixiug 
time  allowances. 

Data  should  be  gatliered  systematically  and  with 
great  care.  The  gathering  of  data  at  the  introduction 
of  the  premium  system  is  in  itself  one  of  the  most 
interesting,  instructive,  and  valuable  parts  in  the 
programme.  An  intelligent,  well-educated  engineer 
should,  at  the  outset,  assist  the  rate-lixer  when  gathering 
data,   by  standing  by   a   few  machines   from   starling- 


Smith  Shop  Lines. 


Machine  Shop  Lines. 


Fitting  Shop  Lines. 


901 
<^"- 100 

tnxh 
Cool  ^ 

Uj 

1 

998 
99 

1 
1 
1 
1 

;     c«i  N, 

787  1 
90 

No. 

***^ 

NAME                  1  "'J^ 

"~^ 

kawv 

b«n. 

No 

NAME. 

Hvon     Pten 

ToU) 

)M.>1.      »*uk 

bov*. 





— 

.      'JZ 

_ 

_       

Z 

L  . 

ITI 

; 

- 

~ 

— 





—  —  —  — 

— 

— 



—       - 

—    —     . 

- 

- 

-    — 

1 
1 

: 

— 



— 



-  — "" 

W-tfct 

1 

i  -  , —  _ 

_   —   —  

_, 

.      

_ 

1 

: 



. 

■ _ 

— 

1 

;  _   _ 





, 

_     

1 

;_          ^ 

—    —    —    - 

-        —          —         —      ■ 

-      _ 

-      

1 
1 
1 

1 
I 

Ha.   tS TuM  «Ji™»l Ilooifc 

Job  Suncri  „ „ 

|o»   FuuibtS „ 

|o»SlBiM. 

M  F*—*- 

1        J«»  SU 
■       Jot.   F-, 

**** 

>b«4. 

'"*»»» IdflWrtW 

POftMB.-... 

loipKtW 

1 

4/* 


in  a  short  time  is  alile  to  fix  time  allowances  with 
wonderful  accuracy,  and  his  practical  experience  is  of 
great  assistance. 

COLLECTING     DATA. 

It  is  essential  to  have  data  as  to  the  times  taken  by 
the  men  at  the  various  jobs  when  working  on  time 
wages,  before  the  premium  system  can  be  introduced 
into  any  worksliojS,  and  the  following  hints  may  be 
useful.  Let  it  be  assumed  that  the  workshop  has  been 
working  on  time,  and  that  the  times  to  do  the  various 
ojierations  have  been  taken  in  detail  by  the  timekeepers 
or  recorded  in  some  manner  by  the  men  themselves, 
as  is  done  in  many  workshops,  or  where  the  work  is 
large,  such  as  marine  engines,  electric-light  engines,  etc.. 


time  in  the  morning  till  stoi'ping-tinie  at  night  and 
noting  the  elements  of  each  operation.  He  should  be 
given  "  Job  Tickets  "  or  "  Lines,"  fig.  i,  for  the  jobs 
the  machines  are  employed  upon,  on  each  of  which 
the  rate-fixer  should  have  written  the  time  of  starting 
and  the  details  of  the  operation.  When  the  jobs  are 
finished,  the  engineer  will  initial  and  write  on  the  lines 
the  time  finished,  and  return  them  to  the  rate-fixing 
department  for  recording. 

The  elements  of  an  operation  include  the  time  for 
lifting  an  article  on  to  the  machine,  for  setting,  for 
grinding  tools,  for  machining,  the  speeds  and  feeds, 
the  dimensions  of  the  surfaces  machined,  the  time 
taken  to  remove  the  job  from  the  machine  to  the 
floor,  etc.,  and  also  delays  of  every  description  and  the 
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rt-asoii*  for  IIkmii.  I  Ins  minruiatioii,  il  prujierly 
Halhercd,  is  very  iibclul  altliDugh  later  on  it  becomes 
valueless.  These  particulars,  as  well  as  the  lime  each 
luau  at  a  machine  takes  to  Uo  his  job  when  working  on 
an  hourly  rate  of  wages,  shoukl  be  carefully  recorded 
b\  the  rate-lixer  in  a  book  prepared  for  the  purpose. 
\  fair  average  time  can  thus  be  arrived  at  in  which  a 
man  can  do  a.  piece  of  work,  when  working  on  time, 
and  this  can  be  ii.xed  as  the  time  to  be  allowed  for 
duplicate  jobs  in  the  future,  and  used  as  a  basis  for 
lixin;;  tlie  times  to  be  allowed  for  jobs  of  the  same 
nature  but  larger  or  smaller. 

Another  method  is  to  base  tlie  allowances  on  the 
best  recorded  or  estimated  performances,  and  add  such 
percentage  as  may  be  considereil  proper. 

TIME     ALLOWANCES. 

In  a  workshop  with  about  i  50  machines,  three  men 
should  gather  all  the  data  required,  in  from  two  to 
three  months.  Standard  times  may  also,  in  the  same 
manner,  be  arranged  for  work  that  is  common  in  all 
workshops,  such  as  drilling  holes,  tapping  holes  and 
inserting  studs,  machining  flanges,  etc.  These  times 
can  only  be  accurately  arrived  at  by  personal  and 
constant  attention  to  the  machines  where  this  class 
of  work  is  being  done,  but  once  the  standard  times 
are  arranged,  a  time  allowance  can  very  quickly  be 
arrived  at  for  similar  jobs,  the  times  being  arranged 
at  so  many  holes  per  hour  and  so  many  minutes  per 
diameter  of  flange,  etc.  It  may  be  discovered  by  these 
observers  that  the  time  which  is  being  taken  to  do  a 
piece  of  work  is  excessive,  and  this  should  be  carefully 
investigated  before  fixing  a  time  allowance,  as  it  may 
be  caused  in  many  ways  apart  altogether  from  the 
workmen.  The  usual  method  of  the  workshop  may 
be  a  bad  one.  Feeds  or  speeds  may  be  bad.  It  may 
be  due  to  want  of  proper  tools,  or  to  the  machine 
being  out  of  repair,  or  too  light.  Very  often  it  is  due 
to  tlie  want  of  jigs,  fixtures,  or  handy  appliances  or. 
other  causes.  Were  it  done  in  a  new  and  a  good 
machine  with  proper  appliances,  it  would  be  apparent 
to  everyone  that  it  could  be.  done  in  much  less  time. 
The  best  way  of  fixing  time  allowance  for  jobs,  under 
the  above  conditions,  is  to  assuine  the  work  is 
being  done  in  the  best  machine  in  the  workshop, 
and  then  to  add  a  certain  percentage  to  the  time 
allowed  on  account  of  its  being  done  in  an  inferior 
machine. 

It  has  been  Uic  author's  experience  that  in  most 
cases  the  time  taken  to  do  any  piece  of  work  can  be 
reducetl.  although  it  may  require  capital  expenditure, 
together  with  the  assistance  of  education  and  intel- 
ligence. I'his  is,  of  course,  common  knowledge,  but 
it  may  be  questioned  if  the  best  use  is  made  of  this 
knowledge,  except  in  workshops  where  a  number  of 
machines  are  emploved  in  doing  identically  the  same 
class  of  work.  No  doubt  in  these  worksho]>s  great 
attention  is  concentrated  on  tlie  machines,  with  the 
result  that  their  outi)Ut  is  good;  but  where  the  machines 
are  employed  doing  a  variety  of  work,  as  in  the  manu- 
facture of  large  engines,  it  is  very  hard  to  tell  whether  the 


time  taken  to  ilo  the  work  is  good  or  bad.  If,  however, 
the  time  taken  to  do  the  work  is  down  in  black  and 
white,  and  repeated  again  and  again,  the  management 
should  ultimately  have  no  dithcidty  in  deciding  whether 
the  work  is  done  in  good  time  or  not.  In  estimating 
time  allowances,  after  the  system  has  been  working 
for  a  period,  there  is  nothing  so  useful  as  a  comparison 
of  the  times  allowed  for  similar  jobs,  and  there  is  no 
question  as  to  the  value  of  this  comparison,  more 
especially  in  jobs  which  require  considerable  setting 
and  some  degree  of  skill  and  intelligence  on  the 
part  of  the  workmen,  and  where  the  time  the 
machine  is  cutting  is  only  a  minor  part  of  the  time 
actually  required  for  the  job.  Data  accumulate  very 
quickly,  and  soon,  no  matter  what  job  comes  along, 
the  rate-fixer  can  estimate  a  suitable  time  allow- 
ance for  it,  which  will  be  fair  both  to  employer  and 
workmen. 

In  the  process  of  establishing  time  allowances, 
errors  may  be  made,  and  it  may  be  found  necessary 
to  either  shorten  or  lengthen  the  times  lirst  tried,  and 
every  precaution  should  be  taken  to  avoid  the  necessity 
for  such  changes  by  fixing  time  allowances  as  carefully 
as  possible.  It  is  also  essential  for  success  that  anyone 
adopting  the  premium  system  should  deal  in  all  fairness 
when  fixing  lime  allowances. 

In  the  paper  read  at  the  Engineering  Congress  in 
September,  1901,  it  is  stated  that  the  payment  of 
premium  does  not  take  effect  until  5  per  cent,  premium 
has  been  earned,  and  thereafter  by  increments  of 
;  per  cent.  This  has  been  found  by  the  author's  firm 
to  be  a  mistake,  as  the  men  watched  that  the  time  they 
took  to  do  their  jobs  came  out  at  an  even  5  jier  cent., 
that  is  30,  35,  40  per  cent,  and  so  on.  They  might 
save  31,  36  or  41  per  cent,  of  the  time,  but  it  was 
noticed  that  they  never  saved  34,  30  or  44  per  cent. 
of  the  time,  the  reason  being  that  by  spending  three  or 
four  hours  more  on  their  jobs  they  made  a  bigger 
premium.  When  they  could  iml  make  5  per  cent, 
more,  they  spent  three  or  four  hours  extra  cm 
their  jobs  until  the  time  for  the  next  even  5  per  cent. 
was  up. 

THE     SYSTEM     SUBSTITUTED     FOR     PIECEWORK. 

.\gaiu,  if  the  firm  proposing  to  introduce  the  premium 
system  has  been  working  piecework,  the  time  allow- 
ances shoukl  be  fi.xed  on  such  a  basis  that  the  men 
when  put  on  the  premium  system  will  be  able  right 
away  to  earn  a  premium.  It  will  often  be  found  that 
the  time  under  the  premium  system  will  be  reduced 
as  compared  with  the  time  taken  when  working  piece- 
work, and  that  the  man's  earnings  will  be  increased. 
The  author  can  only  quote  one  case — and  it  is  personally 
known  to  him— where  the  premium  system  has  been 
instituted  to  take  the  place  of  piecework.  This  is  a 
large  firm  which  has  been  working  on  piecework  for 
many  years  ;  they  stopped  it  and  went  on  time  for 
two  months,  whin  they  introduced  the  premium 
system,  and  I  lie  work  is  now  nearly  all  done  in  less 
time.     The  men  are  making  better  wages,  and  not  a 
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man  lias  lelt  the  fiuployiufiit  owiny  In  the  clians;i'  Irum 
piecework  to  tlie  proniiuin  >\-Ntein. 

INFORMATION     FOR     WORKMEN. 

I'-very  imii  miroiliiciiig  the  premium  system  should 
issue  a  pamphlet  to  their  workmen.  Ihe  statement, 
which  follows,  will  suit  the  requirements  of  most 
engineering  establishments,  but  as  one  lirm  tlillers 
from  another  in  manufacture,  in  district,  and  in  manv 
circumstances,  it  should  be  carefullv  studied  bv  those 
issuing  it. 

Naturally,  with  such  a  radical  change  in  the  pavnicnt 
of  wages  as  is  involved  by  the  introduction  of  the 
premium  system,  the  workmen  are  disposed  to  look 
upon  It  with  suspicion  and  resent  it.  This  is  a  common 
experience  where  it  has  been  introduced,  and  when  in 
America  last  summer  the  author  found,  even  there, 
some  firms  which  were  an.xious  to  introduce  a  premium 
system  but  could  not  do  so  owing  to  the  attitude 
taken  up  by  the  men.  Kxplanations  such  as  are  given 
in  the  pamphlet  will  no  doubt  remove  from  the  minds 
of  reasonable  workmen  their  principal  objections  to 
the  premium  svstem.  There  will  always,  however, 
remain  a  few  who  will  argue  that  the  introduction  of 
the  premium  system  will  be  the  means  of  keeping  a 
number  of  men  idle,  but  it  has  been  experienced  from 
time  immemorial,  that  the  cheaper  an  ;irticle  can  be 
pimluced  tlie  greater  will  lie  the  demand  for  it.  and 
the  number  of  men  emploved  )iroduring  it  will  lie 
increased. 

NOTES. 

The  following  notes  are  based  on  the  pamphlet 
which  Messrs.  Barr  and  Stroud,  of  C.lasgow  (who  were, 
as  far  as  the  author  knew,  the  first  to  do  so),  issued  to 
their  workmen  when  they  introduced  the  premium 
system  into  their  works. 

Fiir  Ihe  injurnuilion  nj  the  lAnployca  0/  .\Jciars 

regarding  Ihe  Premium  Sysleiii  of  iVage  liaruiii^. 
1  he  premium  systen\  may  be  briefly  described  thus  : — 
ICach  man  is  paid  a  regular  hourly  rate  of  wages. 
\\  hen  a  job  is  given  out,  a  certain  time  is  allowed 
for  it.  If  the  job  is  completed  in  less  time  than  the 
time  allowed,  the  workman  becomes  entitled  to  a 
premium,  varying  in  amount  with  the  time  saved. 
If  the  job  takes  longer  than  the  time  allowed,  the 
workman  gets  paid  his  regular  hourly  rate  of  wages, 
so  that,  no  matter  how  short  a  time  may  be  allowed 
for  a  job,  the  hourly  rate  of  wages,  at  least,  will  be 
paid  while  engaged  on  that  job,  thereby  preventing 
a  premium  im  one  job  being  lost  through  failure  to 
make  a  premium  on  another.  It  will  be  evident  from 
the  above  that,  while  the  workman  may  increase  his 
wages,  he  cannot  lose  money  by  the  introduction  of 
the  system. 

The  system  possesses  two  main  advantages  :  — 
(n)  It  enables  a  workman  to  increase  his  wages  by 
his  own  individual  effort,  and  the  increase  is 
immediately  added  to  his  wages,  the  premium 
being  paid  to  the  workman  each  pay-day  along 
with  his  wages. 


(/')  llie  increased  wages  to  the  workman  means 
also  a  reduced  cost  of  production  lo  the 
employer. 
Ihe  details  of  the  system  as  we  propose  lo  introduce 
It  are  as  follows  :  The  amount  of  premium  will  bear 
the  same  relation  to  the  ordinary  wages  due  lor  the 
time  taken  to  complete  an  operation,  as  the  lime  saved 
bears  to  the  time  allowed.  For  instance,  supi>ose  a 
man  is  allowed  16  hours  lo  do  a  job  and  does  it  in 
I J  hours  he  saves  ,'„  of  the  time  allowed,  that  is  JJ 
per  cent.,  and  accordingly  his  wages  will  be  increased 
by  25  per  cent,  for  the  time  worked  ;  that  is,  if  t'he  rale 
of  pay  is  Sd.  per  hour  the  man  will  receive  Ss.  as  time 
wages  for  the  ij  hours  worked,  and  the  premium  earneil 
will  be  Js.,  etpial  to  j;  per  cent,  of  the  .Ss.  His  time 
wages  and  premium  will  thus  amount  to  los.  for  the 
12  hours  workeil. 

( 'J'o  lie  cotitiitned.) 


WRECK    RAISING    IN    THE 

THAMES. 

npHE  subject  of  raising  sunken  vessels  in 
■*■  the  Thames  was  dealt  with  in  an 
(xtnmcly  interesting  manner  by  Mr.  D.  W. 
Noakes,  in  the  course  of  a  lecture  delivered 
before  the  Institute  of  Marine  Engineers. 
Incidentally,  he  gave  the  following  account  of 
the  raising  of  the  steamer  Com  Maria,  which 
sank  in  the  fairway  in  Sea  Reach  after  collision 
and  was  totally  siil)nicrged  ; — 

The  Colli  Miiiiu  was  2J5  ft.  long,  31  ft.  broad,  and 
i,S  ft.  deep,  lier  registered  tonnage  being  1,231  tons, 
and  at  the  time  of  collision  she  had  1 ,700  tons  of  coal 
on  board.  She  sank  in  seven  fathoms  low  water 
ordinary  spring  tides,  and  lay  on  her  beam  ends. 
The  first  operation  of  slinging  consisted  of  sweeping 
a  small  chain  under  the  vessel.  The  slightest  angle  of 
deviati(Hi  of  the  wreck  from  the  set  of  the  tide  caused  a 
scouring  action  to  take  place  at  the  two  ends,  and 
usually  the  two  ends  of  a  vessel  were  free,  even  if  the 
river  bed  were  fairly  good.  The  small  chain  having 
been  swept  under  the  wreck,  a  larger  chain  was  attached, 
and  by  hauling  the  chain  to  and  fro  room  was  made 
to  take  a  yet  larger  chain,  and  at  last  a  steel  wire 
hawser.  T'licse  steel  wire  hawsers  were  specially  made 
by  Messrs.  Bullivant  and  Co.,  a  common  size  used  being 
,S  in.  in  circumference,  and  consisting  of  six  strands,  each 
of  thirty-seven  wires.  These  wire  ropes  had  proved  an 
inestimable  boon  to  the  wreck-raiser,  being  inhnitcly 
more  reliable  than  chain,  which  has  a  nasty  habit  of 
kinking.  The  diflerence  in  weight  was  also  another 
very  favourable  factor,  Bullivant's  special  salvage 
rope  being  only  one-tenth  the  weight  of  chain  of  equal 
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strengtli.  Having  been  succcssfnl  in  introiliicing  tlic 
wire  sliiij;  iiniler.  say,  llic  lore  end  of  the  wreck,  tlio 
steam  lighters,  each  carrviiig  one  end  over  their  davits, 
were  hauled  along  in  the  direction  of  the  ship's  lengthy 
and  the  wire  sling  was  thus  worked  along  the  bottom 
of  the  vessel,  the  object  being  to  place  twelve  lifting 
wires  e(iui-dislant  along  the  ship's  length.  The  best 
positions  for  these  wire  slings  were  controlled  by  such 
factors  as  length  of  ship,  position  of  engine-room, 
nature  of  cargo,  etc.  The  Cora  Ularia  was  suocessfully 
slung  with  six  wires  forward  and  six  aft,  all  in  good 
positions  well  along  the  ship.  The  vessel  being  slung 
from  the  pontoons  by  means  of  the  twelve  wire  ropes, 
one  of  three  tilings  would  occur  before  the  ilowing  tide 
made  its  high  water  mark  :  Either  the  lighters  must 
sink,  the  wires  break,  or  the  wreck  be  lifted  from  the 
river  bottom.  The  wreck  lav  on  her  beam  ends,  her 
port  side  on  the  ground,  and  it  was  easy  to  see  that  a 
very  severe  strain  would  fall  on  the  port  or  under  side 
bulwark,  where  the  wire  led  in  a  vertical  direction  to 
the  pontoons  at  the  surface.  Slowly,  but  surely,  the 
lighters  pinned  down,  and  then  suddenly  the  port 
bulwark  gave,  and  a  tremendous  noise  reverberated 


through  the  craft,  the  Ugliter  on  that  side  jumping 
up  a  couple  of  feet.  That  occurrence,  expected  as  it 
always  is,  was  regrcttalile.  .Not  only  was  the  lift  lost 
on  one  lighter,  but  an  extra  Ijurden  was  thrown  upon 
the  companion  lighter  and  its  wires,  and  there  existed 
also  a  very  great  danger  that  where  the  wires  had  cut 
through  the  bulwarks  either  the  rags  on  the  bulwarks 
or  the  sharp  edge  of  the  stringer  plate  might  have 
partially  cut  the  wires  and  weakened  them  to  a 
dangerous  degree.  It  was  not  legitimate  strain  that  one 
feared,  but  the  unsee;i  shears  below.  However,  every- 
thing held,  and  soon  there  was  a  cry  "  We  swing." 
Three  tugs  attending,  the  whole  flotilla  was  allowed 
to  drift  toward  the  Mucking  Light,  where  the  Cora 
Mana  took  the  ground,  and  the  next  morning  they  got 
tlieir  first  view  of  the  wreck.  The  ship  was  now  well 
out  of  the  fairwav.  and  operations  were  commenced 
for  righting  her.  A  shield  was  then  fitted  over  the 
gash,  she  was  jjumped  out,  and  the  wreck,  floating 
by  her  own  buoyancy,  was  towed  into  shallower  water 
and  beached.  The  Cora  Marin  was  ultimately  sold 
for  £1,3^0,  proving  that  sometimes  the  wreck  when 
salved  was  a  valuable  asset. 


COMING    EVENTS:    MAY-JUNE,    1903. 


May. 

1st. — Iiislitiition  of  Junior  Engineers:  Paper — "The 
Effect  of  Design  on  Methods  of  Construction,  from  a 
Contractor's  Point  of  View,"  by  Mr.  R.  W.  Newman, 
M.I.M.E. 

2nd. — Birmingham  Association  of  Mechanical  Engi- 
neers :  Paper. 

4th.— Society  of  Arts  ;  Paper  No.  2,  by  Mr.  W.  B.  Beau- 
mont.— Society  of  Engineers:  Ordinary  Meeting  at 
7.30  p.m. 

5th. — Society  of  Arts  :  Meeting  of  the  Colonial  Section, 
at  7.30  p.m. 

6th.— Society  of  Arts  ;  Ordinary  Meeting. 

7th. — Civil  and  Mechanical  Engineers'  Society  :  Paper — 
"  The  Choice  of  Steam  Boilers,"  by  Mr.  C.  E.  Stromeyer, 
M.I.C.fi;.,  at  8  p.m. — Iron  and  Steel  Institute:  Annual 
Meeting  at  the  Institution  of  Civil  Engineers,  Great 
George  Street,  Westminster,  at  10.30  a.m.— Reception 
at  the  In.stituteof  Painters'in  Water  Colours,  Piccadilly, 
at  9.30  p.m. 

8th. — Iron  and  Steel  Institute  :  Animal  Meeting  at  the 
Institution  of  Civil  Engineers  at  10.30  a.m. — Annual 
Dinner  of  the  Institute,  Hotel  Cecil,  at  7  p.m. 


9th. — Birmingham  Association  of  Mechanical  Engineers: 
Saturday  afternoon  Visit  to  Messrs.  Mitchell  and 
Butler's. — North-East  Coast  Institution  of  Engineers 
and  Shipbuilders  :  Graduates'  Meeting  at  Newcastle. 

nth.— Society  of  Arts  :  Paper  No.  3,  by  Mr.  W.  B. 
Beaumont. 

13th. — Society  of  Arts  :  Ordinary  Meeting. 

14th. — Institution  of  Electrical  Engineers  :  Meeting  at 
Society  of  Arts  at  8  p.m. — Society  of  Arts  :  Meeting 
of  the  Indian  Section. 

18th.— Society  of  Arts  :  Paper  No.  4,  by  Mr.  W.  B. 
Beaumont. — North-East  Coast  Institution  of  Engineers 
and  Shipbuilders  :  Council  Meeting  at  Newcastle. 

19th.— Society  of  Arts  :  Meeting  of  Applied  Arts  Section. 
20th. — Society  of  Arts  :  Ordinary  Meeting. 
22nd.— North-East  Coast  Institution  of  Engineers  .uid 
Sliipbuilders  :  General  (Closing)  Meeting  at  Newcastle. 

27th. — Society  of  Arts  :  Ordinary  Meeting. 

28th.— Institution    of    Electrical    Engineers:     General 

Meeting  .it  the  Society  of  Arts. 

June. 

6th.— Birniiiigliam  .Association  of  Mechanital  Engineers: 
Half-yearly  Meeting  and  Social. 


50nE    RECENT    PUBLICATIONS. 


"REPORT  ON  THE    ENGINEERING    TRADES  OF 
SOUTH   AFRICA. 

By  Ben.  H.  Morgan.  With  numerous  tables, 
appendices,  and  reproductions  of  special 
plans,  drawings,  and  photographs.  P.  S. 
King  and  Son.     199  pp. 

CPECIALLY  commissioned  by  the  South 
'^  Africa  Trade  Committee  to  proceed  to 
South  Africa,  and  within  a  period  of  three 
months  report  on  tlie  engineering  trades  there, 
Mr.  Morgan  may  be  said  to  have  been  engaged 
in  lierce  conflict  with  Time.  In  spite  of  the 
limitations  imposed  upon  him,  however,  he  has 
succeeded  in  producing  a  very  interesting 
volume,  ■  and  one  which  cannot  fail  to  be  of 
service  in  drawing  the  attention  of  our  manu- 
facturers to  the  South  African  market,  while  at 
the  same  time  it  will  provide  them  with  much 
useful  data. 

The  commissioner  emphasises  the  fact  that 
the  report  represents  not  so  much  his  own 
views  as  the  consensus  of  opinion  of  the  largest 
buyers  and  users  of  machinery  in  South  Africa. 
We  are  glad  to  note  that  Mr.  Morgan  is  autho- 
rised to  say  that  in  future  no  difficulty  whatever 
will  be  placed  in  the  way  of  any  British  firm 
desiring  to  tender  for  South  African  Government 
work,  provided  the  usual  guarantees  are  forth- 
coming as  to  workmanship,  material,  delivery, 
etc.  A  sanguine  view  is  taken  of  the  coming 
demand  in  our  new  colonies  for  up-to-date 
machinery.  English  goods  are  everywhere 
preferred,  but  complaint  is  made  of  the  want  of 
enterprising  endeavour  by  British  firms  to 
obtain  orders.  They  are  advised  to  study  the 
especial  design  of  machinery  for  export,  to 
avoid  faulty  packing,  to  extend  their  advertising 
and  to  improve  their  catalogues.  There  are 
also  other  hints  which  may  be  cordially  recom- 
mended to  those  who  are  seeking  an  extension 
of  South  African  trade. 

Given  the  same  amount  of  attention  to  the 
"  get-up  "  and  packing  of  goods  for  South  Africa 
that  other  countries  pay,  Great  Britain  will 
not  only  long  continue  to  occupy  the  premier 
position,  but  will  far  outdistance  all  competitors. 
British  goods  will  have  the  preference  because 
they  are  "  home  "  goods,  and  because,  as  a  rule, 
they  are  better  value  than  most  of  the  goods  of 
other  countries. 


"SUBJECT  LIST  OF  WORKS  ON  GENERAL 
SCIENCE,  PHYSICS,  SOUND.  MUSIC.  LIGHT, 
MICROSCOPY,  AND  PHILOSOPHICAL  INSTRU- 
MENTS IN  THE  LIBRARY  OF  THE  PATENTS 
OFFICE." 

Printed  for  His  Majesty's  Stationery  Office  by 
Darling  and  Son,  Ltd.  Published  at  the 
Patent  Office.     184  pp.     6d. 

\  PIECE  of  bibliographical  work  which  has 
-'^-  been  carefully  carried  out  and  offers  a 
complete  subject  index  to  nearly  two  thousand 
works,  representing  some  9,281  volumes.  The 
List  consists  of  two  parts — (a)  A  general  alphabet 
of  subject  headings,  with  entries  in  chrono- 
logical order,  of  the  works  arranged  under  these 
headings  ;  (h)  a  key,  or  summary  of  these 
headings  shown  in  class  order.  The  catalogue 
entries  relating  to  these  works  number  2,069 
and  are  distributed  under  196  headings  and 
sub-headings. 


"FORM   OF   MODEL    GENERAL  CONDITIONS." 

Recommended  for  use  in  connection  with 
contracts  for  plant,  mains,  and  apparatus 
for  electricity  works.  London :  E.  and  F.  N. 
Spon,  Ltd.  New  York :  Spon  and  Chamber- 
lain.    1903.     IS. 

"IX/'E  have  received  from  the  Institution  of 
^  ^  Electrical  Engineers  a  copy  of  "  The 
Form  of  Model  General  Conditions,"  as  above, 
drafted  by  the  specially  appointed  committee, 
and  presented  to  the  Council  for  adoption. 
Copies  can  be  had  from  the  publishers  or  at 
the  offices  of  the  Institution. 


"THE   SECRETARY  S    ASSISTANT    AND  CORRE- 
SPONDENT'S GUIDE." 

2 1st  Edition.  Whittaker  and  Co. 
TN  a  modernised  arid  cheaper  form  this  handy 
■*■  little  book  of  120  pages  appears  with  a 
complete  index,  and  makes  a  further  bid  for 
popularity.  Its  chief  aim  is  to  give  the  correct 
modes  of  superscription,  commencement,  and 
conclusion  of  letters  :iddressed  to  persons  of 
every  degree  of  rank. 

•  A  number  of  book  tiotiees  are  held  over  on  acrounl  o) 
pressure  on  our  space. 
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NEW   CATALOGUES. 


Herbert  Morris  and  Bastert,  Ltd.,  Empress  Works, 
Loughborough.  —  "Hook  2S"  is  a  neat  litlk-  32-pat;c 
pamplilet  oi  excellent  design,  illustrating  and  (le- 
scribing  the  tirm's  principal  specialities,  including 
Overhead  Runways,  Improved  Pulley  Blocks  of 
many  kinds.  Overhead  Travelling  Cranes,  etc. 
These  runways  are  so  designed  (being  fitted  with 
ball  bearings)  that  they  require  verv  little  power  to 
move,  even  when  very  heavy  weights  are  dependent 
therefrom,  and  we  are  informed  that  a  lad  can  travel 
a  ton  300  ft.  a  minute  by  hand. 

The  Horsfall  Destructor  Company,  Ltd.,  Lord  Street 
Works,  Leeds.- T>ist  No.  2.  A  booklet  of  56  pages  and 
cover  containing  reports  and  certificates  from  manv 
City  Corporations.  District  Councils.  Boroughs, 
etc.,  where  the  Horsfall  Destructor  is  in  use.  in- 
cluding Pembroke  (county  Dublin),  Stockton-on- 
Tces,  Salisbury  Sewage  Works,  West  Hartlepool 
Klectricity  Works,  Fulham  Electricity  Works, 
.•\ccringtoii  Klectricity  Works,  Huddersficld  Sewage 
Works,  etc.,  etc. 

Andrew  Handyside  and  Co.,  Ltd.,  Britannia  Ironworks, 
Derby.  —  A  3S-page  brochure  of  exquisite  design, 
printed  on  one  side  only  (in  two  colours),  con- 
tains some  excellent  woodcuts  and  line  blocks, 
illustrating  the  various  designs  in  Smith's  Hearths 
and  general  smithy  fittings  which  are  manufactured 
by  the  firm,  including  plan  of  smithy  rectangular, 
circular  and  other  hearths,  portable  forge,  tools  and 
accessories,  together  with  price  lists.  Illustrations 
of  bridges,  roofs  and  structures  (work  erected 
by  the  firm)  also  appear,  as  well  as  some  pretty 
designs  in  ornamental  cast  iron  vases  and  fountains. 
A  useful  telegraphic  code  for  incoming  and  outgoing 
messages  is  given  on  page  5. 

The  Wilfley  Ore  Concentrator  Syndicate,  Ltd.,  7-11, 
Moorgate  Street,  London,  E.G.— -^  neat  little  booklet  (.( 
38  pages  and  cover,  containing  a  short  treatise  on 
the  Wilfley  Table  (with  illustrations),  also  some 
useful  notes  on  Ore  Dressing,  and  exhaustive  in- 
structions for  erecting  and  operating  the  Wilfley 
Concentrating  Table.  The  Wilfley  Table,  we  are 
told,  will  separate  minerals,  etc.,  within  a  Smaller 
difference  of  specific  gra^•ity  than  any  other  con- 
centrator at  present  on  the  market  ;  but,  like  all 
other  machines  of  a  similar  character,  its  action  is 
fundamentally  dependent  upon  the  difi'erence  in 
weight  of  the  particles  treated.  In  this  connection 
appears  a  useful  table  of  specific  gravities  for  metals, 
metallic  minerals,  non-metallic  minerals,  etc.  Users 
of  this  table  include  a  long,  list  of  some  120  Mining 
Companies  in  ail  parts  of  the  world,  amongst  whicii 
might  be  mentioned  the  Anaconda  Copper  Mining 
Company,  Mont.,  where  alone  431  Wilfleys  are  at 
work. 

The  Lyle  Company,  Ltd.,  Harrison  Street,  Gray  s  Inn 
Road,  W.C— Catalogue  No.  3  is  an  excellent  little 
brocliine  of  40  pages  with  embossed  cover,  printed 
throughout  in  a  peculiarly  attractive  green  tint,  and 
containing  some  very  fine  half-tone  illustrations  of  the 
Lyle  Dossier  System  of  Vertical  Filing.  To  do  it 
justice    the    system    requires  a  somewhat    lengthy 


description  (which  is  not  possible  in  this  necessarily 
brief  notice),  and  we  must  perforce  content  ourselves 
by  recommending  all  intending  purchasers  of  office 
furniture  to  get  a  copy  of  this  catalogue  and  peruse 
it  before  coming  to  a  final  decision  in  the  matter  of 
the  system  to  be  adopted. 

The  Cambridge  Scientific  Instrument  Company,  Ltd.,  of 
Cambridge, England.— "  The  Me.isureiiieiilol  Tempera- 
ture by  blectrical  means."  This  is  a  44-page  illus- 
trated booklet,  containing  a  treatise  on  the  above 
subject,  from  which,  in  order  to  give  the  reader 
a  slight  idea  of  the  author's  line  of  conduct,  we 
quote  -the  following  : — 

■'  hjighsh  manufacturers  are  beginning  to  reali.se 
the  importance  of  accurate  measurements  in  all 
industrial  operations.  ,\s  competition  increases  this 
need  for  accuracy  is  making  itself  fell  more  keenly 
every  day,  especiallj'  in  engineering  and  its  allied 
trades. 

A  few  years  ago  the  temperature  of  a  retort  or 
furnace  was  gauged  by  the  eye  of  the  most  experi- 
enced workman  in  the  firm.  When  this  particular 
individual  left,  the  whole  of  the  works  were,  for  the 
time  being,  paralysed. 

"  We  must  use  the  pyrometer  more  freely  than 
we  do  now  in  order  to  be  able  to  determine  the 
proper  temperature  at  which  to  anneal  and  to 
temper,  and  to  produce  the  same  results  uniformly 
at  all  times."  Following  this  is  a  price  list  of  the 
principal  manufactures  of  the  Cambridge  Scientific 
Instrument  Company — including  Temperature  In- 
dicators of  various  kinds,  Resistance  Thermometers 
(capable  of  measuring  temperatures  up  to  700  deg.  C. 
(1,292  deg.  F.)  ),  Switchboards,  Galvanometers,  etc. 
At  the  end  of  the  book  appears  a  short  description 
of  Rosenhain's  Improved  form  of  Thomson  Coal 
Calorimeter,  with  the  aid  of  which,  we  are  informed, 
a  determination  of  calorific  value  can  be  made  in 
little  more  than  half  an  hour. 

Ernest  Scott  and  Mountain,  Ltd.,  Close  Works,  New- 
castle-on-Tyne. — On  the  point  of  going  to  press  we 
have  received  from  this  firm  a  series  of  illustrated 
pamphlets  and  price  lists  dealing  with  the  following 
specialities  : — 

No.  4a  of  two-pole  dynamos,  class  T. 

No.  5a  of  two-pole  motors,  class  T. 

No.  8a  of  four-pole  dynamos,  class  F. 

No.  9a  of  four-pole  motors,  class  F. 

No.  14a  of  multipolar  generators,  class  M. 

No.  17a  of  multipolar  motors,  class  M. 

No.  iSa   of   vertical    enclosed   compound    central 

valve  high-speed  engines. 
No.  22a  of  compound  enclosed  central  valve  steam 

engines  and  direct  coupled  generators. 
No.  26  of  multipolar  generators  for  direct  coupling. 
No.  27  of  horizontal  compound    enclosed   engines 

and  crank  shaft  generators. 
No.  28  of  three  crank  compound  engines  and  direct 

coupled  dynamos. 
No.   29  of  double  cvlinder  high-pressure  enclosed 

high-speed  engines. 
No.  30  ot  licpiid  starting  switches. 
No.  31  of  automatic  starting  switches. 
No.  32  of  rheostats. 
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JMrnJaif  Miscellaneous  ~jjf 

Incandescent     Lamps 


OVER  T                                       QUALITY 

TWENTY  /                                                                  ^"•^ 

YEARS'  /                        \                                       PRICE 

EXPERIENCE  /                             i                                 RIGHT 


SEND     FOR     PRICE    LIST    TO 


ir^ 


The   Brush   Electrical       Victoria  worKs 

Belvedere   Road 

Engineering   Co   Ld  ,s  ... .  .r.^^^^^J^  ^.^ 

'-'  *-'  (South  End  of  Charing  Cross  Footbridge) 


HADFIELD'S  o^^^  LAY-OUTS 


OF     EVERY     SIZE     AND     DESCRIPTION 


HADFIELD'S  PATENT  MANGANESE  STEEL 

IS    THE    BEST    MAT 

TRAMWAY  TRACK  WORK 


IS    THE    BEST    MATERIAL    FOR 


TRAMWAY  POINTS  &  CROSSINGS 
TRAMWAY  WHEELS  &  AXLES 


TIE-BARS,  EtMtc. 

HADFIELD'SsTiiuio^voo  .TO  SHEFFIELD 


-T r- 


'^EadMDKlif 


Engines 


John  Fowler  &  Co. 


(LEEDS)  LIMITED 


Electrical    and    General 
Engineers. 


Steam  Plough  WorRs  : 

LEEDS. 


Fowler*s  Road  Locomotive.  Designed  for  all  hinds  of  Steam 
Haulage,  and  is  also  available  for  temporary  belt  driving. 
Three  sizes  of  this  Engine  are  standardized,  and  employed 
approximately  for  20,  30.  and  40  ton  loads.  A  special  heavy 
Engine  is  also  made  equal  to  a  load  of  50  tons,  and  called 
the  "  Lion  "  type.  The  Engine  was  thus  named  by  the 
War  Office  Authorities,  who  employed  a  number  of  them 
in  the  South  African  Campaign. 
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Engines 


i> 
i> 

i> 
4> 

O 
O 

8 

O 

o 

ij 


GALLOWAYS  L^ 

MANCHESTER. 


if 


o 


8  High=Speed  Engines. 

i 


QUICK    DELIVERY. 

Compound   and    Triple    Expansion. 

SLOW^SPEED    CORLISS    ENGINES    for    Mill   WorK. 

IMMEDIATE    DELIVERY. 

All    Sizes   and   all    Pressures. 


«>  Galloway  Boilers. 
8 


The    Safest    and    Most    Reliable    on 
the    Marhet. 


if 

«  WROUGHT    STEEL    SUPERHEATERS. 

JJ  iy 

K  Telegrams  :    GALLOWAY,     MANCHESTER.                               London   Office  ;    17,     PHILPOT    LANE,    E.C.                     ^ 
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Rolling  Stock 


W.  R.  RENSHAW  &  CO., 


MANUFACTURERS    OF 


LIMITED, 


Railway  Wagons,  Railway  Carriages.  Railway  Ironwork. 


Railw^ay 
Wheels  <S 
Axles 

of  every  kind. 

SPECIAL 
ATTENTION 
GIVEN    TO 
ROLLING 
STOCK    FOR 
SHIPMENT. 


Telegrams : 
'•  Renshaws,  Stoke 

on  Trent." 
"  Opifieer.  London." 

Telephones  : 
58  Potteries. 
16  Avenue,  London. 


AU-Steel  Ten-Ton  W.igon,  for  carrying  hot  Billets,  Pig-iron,  &c. 


We  have  special 
modern  plant  for 
the  quick  produc- 
tion of  .  .  . 

All=Steel 
High 
Capacity 
Wagons. 


London  Office 

20,   BHOAD  STREET  HOUSE,  LONDON,  E.G. 


Phoenix    Works,    STOKE=ON=TRENT. 

London    Office  :    46,    King   William    Street,    E.C. 

STEEL    CAR   CO. 

(PITTSBURG,    PA.,    U.S.A.) 

Manufacturers  of    .    .     , 

PRESSED  STEEL  WAGONS 


30=Ton    Self=Clearing    Coal    Hopper    Wagon,    as    used    in    South  Africa. 
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Cranes 


JOSEPH  BOOTH  &  BBl 


LTD., 


RODLEY, 


40-ton  Steam  Goliath  Crane  at  the  new  L,  C)  N.  W.  Railway  Goods  Yard.  Sheffield. 
And  also  supplied  to  Midland,  Lancashire  <&  YorKshire.  and  Great  Western  Rys.,  6c. 


For 

Lifting 
Machinery, 


Cranes,  Winding  Engines, 
Overhead  Travellers  of 
Every  Description,  Driven 
by  Steam,  Electricity,  or 
Hydraulic  Pov/er. 


Loodon  Agents  .* 

A.    E.   \V.   aWYN,    Ltd., 
7Sa,  Queen    Victoria  St.,    E.C. 


Telephone  : 

20  SIAWINJLBy. 


Telegrams  : 

•' CRA\ES,  RODLEY." 
••  ASUNDER,  LONDON. 


As  supplied  to  Crown  Agents  for  the  Colonies  and  GoTernment  Departments. 

69 


i@MEIi!]!E  if  Conveying  Machinery 


GRAHAM, 


Telegrams  : 
'ACCOUPLE,    LEEDS." 


Works: 


LEEDS, 


Eng. 


MORTON 


&.    CO.,    LTD. 

MAKERS    OF 

ELEVATING 

PLANTS. 

CONVEYING 

PLANTS. 

SCREENING 

PLANTS. 

CRUSHING 

PLANTS. 

COLLIERY 

PLANTS. 

MECHANICAL 

STOKERS. 


FOR 


Boilerhouses, 
Mines. 
Collieries, 
Electric  Light  €) 
Power  Stations. 
<Sc.,  dc. 


Write  for  our  New    Catalogue. 
150  Pages  of  Photographs. 

S.A.  Address— 
P.O.  Box  3693  Johannesburg. 
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Miscellaneous 


'i^ppL,.: 


These  Furnaces  are  Made  from  Special  Quality  o(  Open. Hearth  Acid  Steel 
Produced  at  Our  Worhs,  from  the  Best  Selected  Brands  of 
Swedish  and  Cumberland  Hematites. 


^4 


S/t, 


LIED 


SC/i 


SUSPENSION  F 


'   """ff  STAB,  AND  ALL  THE  LEADING  STEAMSm 


>«ow\-^- 


I-ed. 


GREATEST 

EVAPORATIVE 

EFFICIENCY 


ctoR 


,so^ni^'^'^- 


of 


M 


"■"lo*"'^- 


VV-^ 


Flanijcti  Complete   by   Hydrauli 


UNIFORM 

THICKNESS. 


--^"J^^. 


^.  V-eeOS  FORGE^COMP4^,y, 

^^  ^^»  •^  "^^^  maintain  the  thickness  of  Hangcs  and  contracted  parts  which  is  of  vital  importance.  ^^M 

\     \  we  roll  ouV  plates  wilh  a  thickened  edge.  *■ 

1  !;c  I'nited  States  Survey  allow  a  constant  of  15.000  for  Morison  Suspcnsioni  Furnacc-s. 
and  onh-  14  000  for  all  other  Corrugated  Tvpes  nf  Furnace. 


THE    THORNYCROFT    STEAM    WAGON 


MaKers    of    all    hinds     of    Steam     Vehicles    for 

Commercial     Purposes,    Lorries,    Vans,     Drays, 

Municipal  Tipping  Dust  Vans  6  Water  Wapons. 

Loads  from  1  ton  to  7  tons. 


ALL    HIGHEST   AWAKDS    SINCE    1S9S. 

TWO  MORE  COLD  MEDALS  AT    LIVERPOOL 

TRIALS,   1901. 

AWARDED  FIRST  PRIZE  (£500)  I\  ^VAR    OFFICE 

COMPETITION  OF  MOTOR  LORRIES. 


London  Office  : 

HOMEFIELD.    CHISWICK.    W. 

Worhs  : 

BASINGSTOKE,  HANTS 


Slover  s 


,:^;( 


PATENlb     k 


Saw.ng  j^lREWOOD 

Splitting  — 

I  Aqrangikg 

BufiDLING 


Firewood 


Machinery 


Firewood  Machinery 

DUES  Till-   WORK  Of  FROW  12  TO  SO   tIfc.V. 
The  saving  in  wages  alone  means 

A  LARGE  ANNUAL  INCOME. 

f) 


SAW    GUARDS. 
HIGH. CLASS     BENCHES. 
Eminently  Superior.  Admitted  Best. 


IDEAL' 


SAW    SHARPENING    MACHINES, 

Universally  Appreciated. 

M.  GLOVE'R9cr~,',K::;  Leeds, 


*  BRASS    0'.K^;5^^^ 
STEEL   ^•V 


,^>-    .1.  ■'•     fAR  BEST 

CAN  mi ^;~m~^    value 


f^^BmM 


?iiS~~ 


Miscellaneous 


MACHINERY  for  ECONOMIC  HANDLING  of  MATERIALS 

THE  BROWN  HOISTING  MACHINERY  COMPANY. 


LONDON  OFFICE: 

39,  VICTORIA  5T.,   5.W. 


MAIN  OFFICE  &  WORKS: 

CLEVELAND,  OHIO,   U.S.A. 


NEW  YORK  OFFICE  : 

26,  CORTLANDT  STREET. 


0-ton   ELECTRIC   TRAVELLING   CANTILEVER   CRANE. 

For  Stocking  and  Loading  Malcrial.     Span  :  325  ft. 


The  "Kingston"  Patent  Dredger  cS  Excavator. 


"Kingston"  Dredger  and  Grab 

fixed  upon  a  Hopper  Barge  <f  150  tons  capacity, 

having;    separate    propellinj;  engines    and    speciiil  ,  . 

boiler,   as  supplied  to  tlie   Spanish    Government.         JDl^    l' fil»i '^  T 


Sole  Manufacturers  :ind  Patentees— 

ROSE,      DOWNS      6     THOMPSON,    Ltd.,        °'^   ^°""«!'--  "V^'r^NiaTK^-ane.    LONDON. 


Telegrams  :  •'FLUES.   LEEDS,'     Tcleiihoiie  iXatioimli  MT-1.     A  1  A    \  11  C  rn.i.-  nsi-d 


Dcighton's  Patent  Flue  & 
Tube  Company,  Ltd. 

DEIGHTON'S    PATENT    FURNACE. 

The  Destructive  Tests  have  proved  the  DEIGHTON  FURNACE 
to  be  the  strongest  to  resist  collapse  ever  made. 

It  is  ;ilsn  unequalled  for  Uniformity  of  Thicl<nL-ss  .and  K:isy  Scaling. 

MAKERS    OF    MARINE   and 
LAND  BOILER  FURNACES. 


ASHr.IN    1SD7   PATE-JT  WrTHTlIU  V  \'  LE    1  [  US  VC^ 


AwjrJcJ  2  Bronze  Medals. 
Paris  Exbibidott,  1900. 


Vulcan    Works, 
Pepper    Road,  LEEDS. 


72 


l?A®i°S'inlA(SMifflif 


■  »    "       -  ■  -rrr 


Pumps,  &c. 


TAIMGV 

STEAM    PUMPS 


FOR    ALL    DUTIES. 


14  X  8  '  I2in.  "Special"  Pump. 


SRECIAI_"       DURLEX 
Rl_Y-\A/HEEU,     6cc., 

ALSO 

Centrifugal   Pumps.     Treble  -  Ram    Pumps,    etc. 

Electrically  Driven  Pumps 

A     SPECIALTY. 


TANGYES 


CORNWALL    WORKS, 


Birmingham. 


BRANCHES     AT  LIMITED 

London,    Newcastle,    Manchester,    Glasgow,    Cardiff,    Rotterdam,    Bilbao,    Johannesburg. 

LAUNDRY  MACHINERY 


Also 


COOKING 
APPARATUS 


Catalogues  on  Application. 


W.  Summerscales  &  Sons,  Ltd., 

Phoenix  Foundry,  KEIGHLEY,  England. 
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Pumps 


PUMPS! 


ELECTRICALLY 
DRIVEN. 


MARINE    PUMPS, 
BOILER    FEED     PUMPS, 
CENTRIFUGAL    PUMPS, 
CIRCULATING    PUMPS. 


BOILER     FEED     PUMP     DELIVERING     1,2O0     GALS.     PER     HOUR. 


CROMPTON  &Co.  Ltd. 


ARC    WORKS,    CHELMSFORD, 

SALISBURY    HOUSE,    LONDON    WALL,    E.C. 


Telegrams : 
'  Crompton,  London.  " 
* Crompton,  Chelmsford." 

(."1 


Telephones : 
l9S9\London   Wall  iNatlooah 
4735  Ceotral  (Post  0/fice> 
Chelmsford    No.  2. 
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Pumps 


DO  YOU 
WANT 

PUMP? 


This  may  seem  a  somewhat 
unusual  way  oF  advertising 
Pumps,  but  if  you  do  want  one 
—no  matter  for  what  particular 
service— and  will  drop  us  a 
line,  we  can  show  you  that  we 
have  a  good  article,  and  can 
suit  you. 


WE    MAKE    PUMPS    OF    EVERY    DESCRIPTION    AND 

OF    EVERY    SIZE. 

CATALOGUE    AND    PRICES    ON    APPLICATION. 
The    .    . 

Blake  &  Knowlcs  Steam  Pump  Works, 


m,  Queen  Uictoria  Street,  Condon,  e.C. 


H^td., 


!  I 


i 


A 


Inli^dAgDEaif 


Turbines,  &c. 


THE 


Wheeler  Condenser 


AND 


Engineering  Co., 


179,  Queen  Victoria  Street, 
LONDON, 


The  most  compact,  durable,  and  efficient  Cooling 
Tower  Manufactured. 

Maximum    reduction     with     minimum     loss     by        I 
evaporation. 


90,000  h.p.  operating  in  Great  Britain. 
25,000  h.p.  in  process  of  construction. 


if 

i 

! 


,T  S.  HOWES  Co 

ig^  4^  Hydraulic   and    Mining  Engineers, 

'    64,  MarK  Lane,  LONDON, 

ENGLAND. 


And  "Eureka"  Works,  NEW   YORK. 


"  LITTLE  GIANr "  TURBINES 


HORIZONTAL 
AND    VERTICAL. 


' 


( 


Jk   "HOWES"  CENTRIFUGAL  PUMPS. 

Ml' 


Matic  in  12  sizes  to  suit  all  capacities 


Water  Motors  and  Pelton 
Fans. 

"Eureka"  Grain,  Seed,  and 
Rice  Cleaning,  Grading, 
and  Hulling  Machines. 

Portable  and  Stationary 
Forges.  Cranes  for  all 
purposes.  t^^^ 
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Destructors 


"ViT- 


I  DESTRUCTORS  I 

•^  The  Improved  Patent  for  ...  > 

T  UnPQFATT  Perfect  Absence  of  Nuisance.  J 

af.  Lowest  Cost  of  Labour  &  Maintenance.  ^ 

*  REFUSE    DESTRUCTOR  Maximum  steam  Raising  capacity.  > 


4" 

4- 
* 
* 
4 
4 
4 
4 
> 
4 

,^  These  Destructors    embody    many    special  features  which   are    not  to  be  found  ir 

*f  any  other   Destructor.       SIXTY   PLANTS   in  active    operation,   burning 

4 
4 
4 
4 
4 
4 
4 
4 
4 


TWIiLVE-LELI.    PLAN!    EKI.CTED   .VT    HII.L. 


over  3,00a  tons    of   Refuse  per    day. 


The  Horsfall  Destructor  Co., 


LORD    ST.    WORKS,    WHITEHALL    ROAD, 


LTO., 


London  Office  :— 

19.    OLD    QUEEN    STREET,    WESTMINSTER.    S.W. 


■h 

> 
■I* 

l> 
> 

> 

■h 
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fc^DKll 


'?it>r 


Destructors 


H£IN  DS 
Tliy)? 


B>  the  opposition  and  prejudice  of  a  short  sighted 
municipal  policy  in  the  matter  of  refuse  disposal  a 
policy  which  involves  burking  the  question,  doing  the 
work  in  the  most  unsatisfactory  manner,  and  losing 
opportunities  of  saving  the  rates  ? 

A  visit  to  Darwen  or  to  one  of  the  destructor  plants 
erected  by  us  in  your  more  immediate  neighbourhood 
should  do   much   to  dispel   fallacious  notions. 

The  Meldrum  Destructor  goes  to  the  root  of  the 
matter,  effectually  disposing  of  the  refuse  once  and  for 
all.  Not  merely  eliminating  the  undesirable,  it  con  = 
serves  the  valuable  residue,  and  proves  at  once  an 
indefatigable  scavenger  and  money  =  maher.  Wideawake 
corporations  are  using  the  surplus  heat  for  steam 
power  in  their  electric   light  and  tram  departments. 

For  full  particulars  of  the  "Simplex"  and  "Beaman 
and  Deas"   Destructors  write  to 

MELDRUM  Bros.,  Ltd., 


Atlantic  WorKs,  City  Road, 

MANCHESTER. 


66,  Victori;i    Slrctl.   W  ■slniinstcr, 
I.ONUON. 


England. 


w 

% 
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Producer  Qas 


Ja 


PRODUCER  GAS 


For    Heat    or    Power. 


2,000    PLANTS    IN    DAILY    USE. 


Furnaces 

for  economy  in 

Melting, 

Reheating. 

Case  Hardening, 

Annealing, 

Welding, 

Forging, 

Rivet  Heating, 

Calcining, 

Enamelling, 

Etc.,  etc. 


^ 


''V 


fc- 


"1*. 


pr;;^ 


JThe  "Weardale"   Furnace. 


W.    F.    MASON,  Ltd., 

Engineers    and   Contractors, 

MANCHESTER,    England. 


US 


(JsMim]! 


Miscellaneous 


THE  HUNSLET  ENGINE  CO., 

LEEDS. 


LTD., 


MANUFACTURERS     OF 


TANK   ENGINES 
Of  all  Descriptions. 

Designs  and  Specifications  Supplied 
or  Worked  to. 


FOR     ANY     SIZE     OR     TYPE     OF 


T  U  R  B  I  N 

OR      PELTOIM      WHEEL 


Apply  to:— 

G.  GILK 


6c  CO.,  LTD. 


KENOAL. 


"GUNTHER" 


Telegrams  :  "  Engine.  Leeds. 


Telephone  : 


ALL 

KINDS 

OF 


GEARING 


^      Machine-Cut 


Upon    20th    Century 
lines. 

No     guess    worK     or 
rule  of  thumb. 

Utmost    Possible    Accuracy 

Obiainable  by   Modern  Fine 

Tools,      at     a      reasonable 

price,  too. 

QuicK    Delivery. 

You    can     prove     this    for 

yourself  if  you  wish  by 

writing. 


TURBINES 


WITH  VERTICAL  OR 
HORIZONTAL    SHAFTS. 

SPECIAL 
HIGH  PRESSURE 
TURBINES   &   ACCURATE 
HYDRAULIC  GOVERNORS 
for  Electric  Plants. 
PELTON  WHEELS. 


W,  Gunther  &  Sons, 

Central   Works, 
OLDHAM,   ENGLAND. 


HENRY     CROWTHER, 

M     M     Cleckhcaton,  YORKS. 

Telegrams:  •■Crowlher,  Cleckheatoa."      ABC  Code  used. 

. .  Wrought . . 


E.    ARNOLD    POCHIN, 

Croff    Street,    Pendleton, 

MANCHESTER. 


Iron 


Pulleys 

(I 


mm 


56. page  Catalogue,  beautifully  illus. 
trated,  post  free  on  application. 


a    a    o    :3 


PRICES  LOW. 


Send  for  List  and 
Discounts  free. 


QUALITY  HIGH. 


8o 
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Cables,  &c. 


SUDDEDTSCHE  KABELWERKE  A.-G.,  nannheim. 


SYSTEM     BERTHOUD    BOREL. 


GERIVIAIfY. 


Contractors  to  the  Imperial  German  Postal  fluihoritles. 


TELEPHONE  CABLES 


With    Paper   and   Air   Insulation. 


LEAD-COVERED  CABLES 

Kor  all   Tonsiini'-  up  lo  40,000  volts. 

SILK-COVERED  COPPER  WIRES. 


The  a  a 

Scotch  &   Irish  Oxygen  Co.,  Ltd., 

ROSEHILL  WORKS.  GLASGOW. 

Valves   for  Cas  Bottles  and   Aerated  Water   Drums 
in  Bronze,  Steel,  and  Aluminium. 

Reducing  Valves.  Keys,   and    all  Fittings  for  Compressed  Gases. 


y 


r^a= 


li^ 


»bJ- 


8.  ALBERT   SQUARE. 

MANCHESTER. 


J.   HALDEN   <S  Co.. 

Arc  Lamp  Duplex  Radial 

Photo  Copying  Frame 


(SHAW    AM)    HALUEX    PATENT). 

Engineers  Electric  Frame,  very  superior, 
Arc  Lamp  and  Lowering;  Qear,  complete 
to  print  from  Two  Tracinjjs,  53  x  31 


42  10    o 


Other  sizes  as  per  List  post  free  on  request. 


ADVANTAGES   OF   DUPLEX    RADIAL  PHOTO-COPYING   FRAME. 

A. — Copying  indoors  at  any  time  where  Electric  Current  is  available. 
B. — The  Frame  when  once  mounted  oa  the  Pedestal  remains  there. 
C. — Immunity  from  accident  ensured   by  the   Frame  remaininii  on 

the  Pedestal. 
D.     The  horizontal  position  (when  placing  in  ot  taklnj;  out  Tracings 

and  Copies)  is  the  most  convenient  for  Operators. 
E. — Two  full-size  Tracings  can  be  copied  at  one  operation. 
F. — The  glass  plates   can    be    very  easily   cleaned    when    Frame  is 

horizontal. 


Copies  Two  Tracings  at  One  Operation. 


Also    at    London,    Newcastle-on-Tyne,     Birmingham,    and    Glasgow. 


f^&l^mMmii 


Cables,  &c. 


Telegrams  :  "  FILATURE." 
Telephone  :  202.  228. 


T^  St.  Helens  Cable  Co. 


LIMITED. 


WARRINGTON. 


Electrification  of  Railways  can  be  most 
satisfactorily  carried  out  by  the  use  of 
WATERPROOF   DIALITE   CABLES. 

No  corrosion. 

No  electrolysis. 

No   decentralisation   of   conductor. 

Over   FOURTEEN    MILES   in   use   on 
the   Liverpool    Overhead    Railway. 


London  Office:    32,  VICTORIA   STREET, 

Westminster. 


Telegrams:   "  FILATTERIO." 
Telephone:   4270  GERRARD. 


fm^^^^BmM 


;|f    Electrical  Apparatus    Ht? 


GREENWOOD  &  BATLEY,  Ltd., 


ALBION  WORKS, 

LEEDS. 


MXKKKS    OF     EVERY     DESCRIPTION     Ol- 


ENGINEERS'  GENERAL  TOOLS    and  of  SPECIAL  TOOLS  for  War  Material  and  a  Great  Variety 

of  Purposes. 


<?■     <?•     <:> 

DE  LAVAL  PATENT 

o     <:>     o 

DYNAMOS  and 

STEAM   TURBINE 

MOTORS. 

DYNAMOS, 
TURBINE   MOTORS. 

^H^^  ^^^^j^^^^ 

COMPLETE 
ELECTRICAL 

PUMPS  and  FANS. 

INSTALLATIONS. 

•£?■■<:?■     o 

•iV^I^-^*^^^^,      «3, 

■o     ■£:>     o 

No.  5237.    Patent  Double  Nut  and  Bolt  Head 
Finishing  Machine. 

International  Electrical 
Engineering    Co., 


Clun    House, 
Surrey  Street, 
Strand, 

London, 


w.c. 


Tcle(*rams : 
••CLLNCH.   LONDON. " 

Telephone  No.; 
31i'i7  GERRAKD,  LONDON. 


Our  plant  is  in   use  at 

Dundee,  Oban,  Falkirk, 
Glasgow,  Hoylake,  Hull. 
Erith,     Coinc,      Shipley, 

etc. 


Three-phase  Alternator    for  Transmission  cf  Power  in  Manufacturing  Works. 
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Electrical  Apparatus 


Allgemeine  lilektricitats-uesellschaft,  Berlin. 

Capital    fully  paid  up:  60  000  000  Marks. 

Machine  Works  »  Electrical  Apparatus-Works  <>  Cable  Works 
Incandescent-Lamp-Works, 


Armoured  Lead  Cables  for  Potentials  up  to  20  000  Volts. 

Bare  and  Insulated  Wires. 

Insulation-Materials:  Rubber,  Mica  ,Mlcanite,  Stabilit,  Vuloan-Asbestos 


Continuous  Current,  Threephase  Current. 

Electric  Lighting  Plants.  ♦  Electric  Transmission  of  Power. 

Electric  Railways  and  Tramways.  *  Electric  Central-Stations. 

Electrochemical  Plants. 

Agencies  throughout  the  World. 

yearly  Output  12000  Dynamos  and  Motors  equivalent  to  170000000  Watt 
100C0000  Incandescent  Lamps.  \i.  15. 
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P^DKIiE if    electrical  Apparatus 


T.  HARDING   CHURTON  &  CO., 


ATLAS  WORKS 

Ingram  St., 

LEEDS. 


Either   Open   or 
Enclosed. 


IHK   "ATIAS"  MotoK. 


London  Office: 

9,  RED  LION  COURT, 

Cannon     St.,     E.C. 


AsK   for   New 
Price   Lists. 


DYNAMOS    &    MOTORS. 


Telegrams : 
■  MAGNET.  LEEDS.' 


Direct=Coupled    Generators. 


Telephone  i 
OJJ  CENTRAL. 


<( 


P.D.M. 


» 


PHC£NIX    DYNAMO 
MANUFACTURING  CO., 

BRADFORD. 


50  Kilowatt  Three  Bearing  Generator,  500  revs. 


fta®/i2DC3lVf   Electric   Cranes,  &c 


Electric  Cranes. 


If  you  require  a  Crane,  you  want  the  best. 

It  is  possible  to  pay  a  low  price  and  yet  have  a  dear  Crane. 

Our  object  is  to  give  entire  satisfaction,   because  we  wish  to  do 

more  business  as  the   years  go  by. 
We  make  Overhead  Electric  Cranes  up  to   100  tons  capacity. 
Any  advice  or  information  that  we  can  give  is  yours  for  the  asking. 
We  invite  your  inquiries. 


THOMAS    BROADBENT   <S   SONS, 

Limited. 
HUDDERSFIELD. 


The 


Remington 


Is    the 
Universal    SaVer. 


Typewriter 


It    is    a    Time    SaVer,    a    Labour    SaVer, 

An    Expense    SaVer,    and    a    Business    "Builder. 


REMINGTON  TYPEWRITER  COMPANY 

(WYCKOFF,   SEAMANS    &.    BENEDICT) 

100,   GRACECHURCH    STREET.    LONDON,    E.C. 

West  End  Branch  :    2b3,    OXFORD   STREET.  W.  And   all   large  Towns. 


jfmMMi 


The 


ii 


MclNNES-DOBBIE 


PATENT  Indicators 

.  .  for  -  . 

HIGH    6    LOW 
SPEEDS. 

In  Cwo  CVPCS: 
External  Spring 

and  '  =  - 

Enclosed  Spring 

I  I'orms  and  Sizes. 


CESION  ., 

NO.  2  HI 

t:;c7nuMCNT. 


External 
pREc;u;x  Sp.'^tijQ  Ty?E. 


SPECIAL  INDICATORS 
O  Explosion  Recorders 
for  Gas  £i  Motor  Engines, 

etc. 


Sole 
Makers: 


DOBBIE  MclNNES,  LD. 

(T  S.  Mclnnt^  ,\  i.i>.,  Ltd,,  ^\  Alex.  Il.ibbie  .\  Son,  Ltd.,  .Vniud.i, 
INDICATOR     MAKERS     TO      THE     ADMIRALTY. 

45,  Bothwell  Street.  GLASGOW. 

O  at    Gref-nocK.   So\ith   Shields,  d   London. 


HEYWOOD  &  BRIDGE'S 

Improved   Patent 

FRICTION  CLUTCH 

A   Clutch    for  all     Drives. 


General  Diive. 


Hundreds  of   Repeat  Orders. 

Thousands   Working. 

Complete   Clutch    Installation   our   S^peciality, 

New  Work,  oo  pages,  Free. 


DAVID  BRIDGE  6  Co.. 

Castleton   Iron  Worhs.  ROCHDALE,  LANCS. 


TRIUMPH 
STOKER 

TRIUMPH  STOKER L9, 

33,  VICTORIA  ST,  LONDON. 


Miscellaneous 


JBcst  Mori!  require?  3Be5t  ZTooUv 

The  CORRECT  TOOL  for  WRITING 

/S        UNQUESTIONABLY       THE 

"SWAN" 

Fountain    Pen. 

Three  Sizes,  10s.  6cl  ,  16s  6d  ,  25s. 

All   Prices,  10s   6d.   to  £20. 

1 

MAY  BK  POSTED  TO  ALL  PARTS  OF  THE  WORLD. 
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SOLD  BY  STATIONERS  EVERYWHERE   COMPLETE  CATALOGUE  LRtE. 

Mabie,  Todd  6  Bard,  •"""««"'«" 

93,  Cheapside,  London,  E.G. 

95a,  Regent  St.,  W. :  3,  Exchange  St.,  Manchester;  and 
37,  Ave.  de  rOpera,  Paris. 
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Weighbridges,  &c. 


DENISON'S 
Weighbridges. 


Saml.  DENI50N  &  SON, 

HUNSLET    MOOR,   near   LEEDS. 


TURNER 


DIRECT. 
CURRENT 


MULTIPOLAR   MOTORS. 


In  3  Types, 


DP 


(Dust  Proof) 


HIGH=CLASS 
Design 

WorKmanship 
Material. 


MP 


',  to  50 
B.H.P. 


(Protected) 


OP 


(Open) 


Send  for  Revised  and 
Reduced  Prices  to 


TURNER,  ATHERTON  &  CO.,  Ltd., 


DENTON, 

MANCHESTER. 
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Miscellaneous  iitf 


^A  BUSINESS  S 

^  OF  YOUR   OWN.  I 

4.  ^ 

tfi  A    Genuine    Opportunity.  ^ 

^»!\  Our  organisation  of  Automatic  Addressing  Bureaux,  extending  ^J^ 

«,J\  throughout  the  United  Kingdom,  offers  a   splendid  opportunity  of  .^K 

N>.  establishing   in   your  town   or  district,  a   business   of  your  own,  ^v 

NT  connected  with  a  co-operative  enterprise  quite  unique  in  the  world,  ^j. 

M**  Briefly  stated,  our  proposition  is  the  following  : —  V* 

\|  If  you  will  establish  in  your  town  or  district  an  Addressing  ^L 

\h*  Bureau,  and  agree  to  organise  and  conduct  same  on  the  lines  upon  \f^ 

^fi  which  our  own  is  based,  we  shall  grant  you  a  license,  giving  you  ^J^i 

^Q  the  right  to  use  our  name,  in  addition  to  other  valuable  privileges.  ^]^ 

^j<4  Only  one  license   shall  be  granted   in  each   town   or  district.  \i>i 

^1^  There  will  be  no  overlapping.  ^4 

^>w  The  enterprise  is  of  far-reaching  utility,  and  is  based  on  an  \|«i 

^1^  entirely   new   business    principle  ;    it   is   furthermore  remarkably  ^^ 

•4^  profitable.  ^ 

\|^  For  full  particulars  write  at  once,  mentioning  this  publication  and  enclosing  XT* 

fs^  stamp  for  reply.  ^J 

$  The  AutomatiG  Addressing  Bureaux,  ^ 

^  LIMITED,  ^ 

Ai  19,   20,  21,   HIGH   HOLBORN,   LONDON,   W.C.  rk 
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Office  Fittings 


Hoiv   do    you    Knowr  ? 


If  you  are  losing  or  maKing 
Money?  If  you  want  to  be  quite 
sure,  and  not  have  to  rely  only 
on     an     Annual     Balance     Sheet, 

You   should  ADOPT 


V<  ™  SHANNON  CARD  INDEX, 


Wherein    you    can    gather    full 
information    on    Hundreds   of 
subjects    in    one   drawer. 


This  Card  Index  System,  comb        with 
The  Shannon  Letter^Filing  Cabinet,    ^ 


makes  you  independent  of  your  staff. 
You  can  look  up  matters — Letters, 
Answers,  Contracts,  Engagements, 
&c. — witliout  ringing  your  bell  all 
the  time. 


Secure    Instant    Reference 

by  using  the 

Shannon     Filing    Cabinet. 


If  you  use  a  Siiannon  Rapid  Letter  Copier,  this  iiles  the  copies  with 
tlie  letters  to  which  they  are  answers. 


Write  OP  call  to 


F.     W.     8CHAFER, 

Manj^ins   Director 


THE  SHANNON,  Ltd., 

Qfticc,   36anl;,  nn^   5l.iop   ]Fittci£i, 

ROPEMAKER    STREET,     E.C. 
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Card  Systems 


YOU    CANT  CUT 
YOUR  OWN    HAIR 


AND  MAKE  A  GOOD  JOB  OF  IT;  and  it  is  equally 
probable  that  you  cannot  successfully  adapt  the  Card  System 
to  the  \-aryin^L5  needs  of  your  business  without  the  assistance 
of  trained  experts.  It  is  our  business  to  sell  systems,  and 
if  you  are  losing  orders  through  the  inefficiency  of  old-fashioned 
methods,  we  invite  you  to  consult  us.  No  mass  of  chaotic 
detail  is  too  entangled  for  the  Card  System,  and  no  corre- 
spondence is  so  voluminous  that  it  cannot  be  marshalled 
into  perfect  order  by  the  Librar\-  Bureau  Numerical  Vertical 
Filing  System. 


LIBRARY 


BRANCHES- 
Manchester  :  12,  Exchange  Street. 
Birmingham:   58,  The  City  Arcades, 
Newcastle :  Union  Buildings,  St.  Jchn  Street. 


BUREAU,    LTD., 

10,   Bloomsbury   Street,   LONDON,   W.C. 
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r     Business  Systems 


CARD    LEDGERS 


Are  the  logical  result  of  the  ROCKWELL= 
WABASH  CARD  INDEX  SYSTEM,  and 
admirably  illustrate  ONE  of  the  unlimited 
number  of  ways  in  which  it  can  be  applied  to 
the  Keeping  of  BUSINESS  RECORDS. 


.-<?^' 


.^;rt|;^^>V,s,^,_^^_^ 


REDUCE  YOUR 
NON  PRODUCTIVE 
EXPENSE,  AND  YOUR 
PROFITS  WILL 
BE  INCREASED 
PROPORTIONATELY. 


SINGLE    TRAY,     SHOWl.sa    CARDS    NUMERICALLY    ARRANGED. 


The  Ledger  Cards  are  filed  either  alphabetically  or  numericall)-,  as  maj-  be  desired, 
and  as  they  are  automatically  indexed,  an  immense  amount  of  time  is  saved 
to  the  user. 

The  illustration  shows  a  drawer  from  a  Card  Ledger  Cabinet,  which 
carries  8x5   Record    Cards   numerically   arranged. 

Where  the  numerical  s\stem  of  records  and  correspondence  is  used 
this  form  is  adopted.  Our  Special  Catalogue,  No.  102,  explains  in  detail  the 
arrangement  and  construction  of  this  excellent  swsteni.     FREE. 


*^*fff7  w***^ 


ROCKWELL-WABASH  CO.,  Ltd. 

ELLIOTT  D.  ROBBINS,  Managing  Director. 

OFFICES  and   SHOW   ROOMS:    69,  MILTON    STREET,   LONDON,    F.C., 
And  at  City  Chambers,  Collingwood  Street,  NEWCASTLE-ON-TYNE. 


Telephone:  2403  LONDON  WALL. 
Telegrams:  "OOTYPE,  LONDON." 
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Office  Appliances 


LYLE 


♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦> 

♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦  THE  LYLE  Co. 


DOSSIER 


PARRY.  FredencK  Lewis 

looiQueen  Victoria  st 
Lonaon  e  c 

Telegranas  oct-upua 


Its  History. 


The  Index  Card. 


Catalogue  and 
full   particulars— 

Ltd. 


Card  Index  Experts, 

26,  Harrison  St., 
Gray's  Inn   Rd., 

LONDON 


♦♦♦ 


The  Card  filed  away  in 

alphabetical  order  in  Card 

Cabinet,  forming  index   to 

Dossier. 


"f-M" 


The  Drawer,  showing  Dossier 
containing  correspondence. 


Branch  Office  : 

94.  MarKet  Street, 
MANCHESTER. 


FILE 


♦♦♦ 


♦♦♦ 
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Office  Appliances 


THE  VERTICAL  LETTER  FILING  SYSTEM 


Is  an  outcome  of  the  Card  System,  and  lias 
similar  economical  advantages.  It  provides  a 
delinilc  place  for  each  correspondent's  letters, 
or  for  papers  on  any  speciiic  subject.  Letters 
are  filed  methodically  and  accurately,  and  can 
be   found   instantly   when   required. 


Send   for 

VEKTIC3L  SYSTEH  CATALOGUE,  SECTION  ' 

If  you  arc  interested  in  Card  System  Methods,  send  for 

C4UD    .•S/STEn     CATALOOUE,    SECTION     "  D." 


E." 


LIBRARY   SUPPLY   Co., 

Cabinet  and  Joinery  V/orks-Walthamstow,   Essex 


Bridge  House,  181,  Queen   Victoria  Sireet, 
LONDON,    E.C. 


[^ 
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REFEREE"  Letter  File. 


'^STONES    PATENT     ENGLISH    MAKeJ 

Is  the  BEST,  because  it  is  : 

THE    SIMPLEST. 

and    is    the    ONLY    FRONT    FILING 
System. 

THE   MOST    EFFICIENT. 

Letters  filed  and  found  mope  easily 
than  by  any   other  system. 

THE    CHEAPEST. 

Each    File  is  its  own  Transfer  Case. 
Inspection  invited  of  tliis  and  of  our  many  Other 
Labour-saving  Office  Devices. 

Write  for  our  Illustrated  Catalogue? 


\  PARTRIDGE  &  COOPER,  Ltd., 


I  &  2,  CHANCKRY  LA.NE, 
LONDON.  E.C. 


98 


te)- 


fm^'^^MmM 


?^) 


f      Time    Recorders 


Cost  Keeping- 


''/V 


The  data  furnished  by  this  System  of  Cost  Accounting 
controlled  by  our  Recorder  give  accurate  labour  costs 
upon   which    time   allowances    under    the   premium   plan 

of   remuneration    may    be   safely    lixed. 


FOR     FULL     PA!?TICULARS     WRITE- 


International  Time  Recording  Co.,  ^^ 

171,    Queen    Victoria   Street,    LONDON,  ec 

And  19,  Waterloo  Street,  GLASGOW.  fpr^N 


''^^h^jl^^^ 


Miscellaneous 


CONTRACTORS  TO  M   M  OOVERNMENT.  FOREIGN  GOVERNMENTS    HOME  &  FOREIGN   RAILWAYS 


J 

E 


'"^""PQR.TINC   F«R'"S    ESTA3LISMf:oo, 


E  R    100  ■<'^''-' 


,ftS 


V 


FUHiNG.BlRKBY&C00DAil.ti> 


west  Grove  Mill, HALIFAX 


fRWC/p^ 


BELTIIC 


0 


Telegrapmic  Address:  "FLEMING.  HALIFAX." 
Telephone    No.  48    Halifax. 


B 
E 
L 

T! 

I! 

Gt 


It 


If  it   is  Money  you  Want— Use 
CARBORUNDUM 

The  20th  Century  Abrasive. 

lime  saved  nie.ins  mniu-N-  s:i\tHl. 

Others  use  it,  why  not 
YOU  ? 

Write   Us    or   our    Agents   for 
Catalogue  and  Prices. 

THE    POLISHERS 
SUPPLY  CO., 

iiritisli  Aqents, 

27,    Chancery    Lane, 

LONDON,    >V.C. 

TclcLiranis  : 
■Criokin,  London." 
WORKMEN    LIKE    THEM,  A  B  C   and  Lieber  Codes  used. 


British 

Steam 

Specialties 


LTD., 


FLEET    ST., 

LEICESTER. 

Telegrams  :  "  BOSS." 


E.S.HINDLEY&SONS 

Works:    BOURTON.   Dorset. 

London  Show  Rooms  and  Stores^ 

11,   Queen    Victoria    St.,   E.C. 

STEAM 
ENGINES 

HIGH  SPEED, 

SLOW   SPEED, 

VERTICAL, 

HORIZONTAL. 

SIMPLE, 

COMPOUND. 


s 


0 

Ulrltc  for 
Quotations. 


There's 
NO 

Reason 
Why 


7 


WASTE  HEAT 


FROM 


STEAM   BOILERS 


GREENS 


Should 

be 

THROWN 

AWAY. 


A*^^-" 


Makes  STEAMING 


Gives  INCREASED 

EFFICIENCY. 


Saves 


to 


In   COAL. 


It's 

Valuable 

and 

can    be 

Utilized. 


This     Picture 

explains 

how     it's 

done. 


Write   us. 

We'll   advise 

how  to  convert 

this   Loss 

into    Gain. 


E.   GREEN   &   SON,    LTD., 

2,  Exchange   Street,    MANCHESTER. 


L. 


Telegrams  :  •"  ECONOMISER." 


HIGH=CLASS    ^     ^ 


Electric  Lighting  g^  t^ 
Engines. 


7 


McLaren's  700  I.H.P.  Triple  Expansion  High  Speed 
Enclosed  Engine  in  connection  with  Siemens'  Altera 
nator  at  Harrogate  Electric  Light  Station. 

Specifications  and  Quotations  on  application  to — 


ALL   SIZES   FROM 
200  to  3,500   H.P. 


J.  <S  H.  McLAREN, 

Midland    Engine   WorRs,    LEEDS. 
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